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PI^EFACE TO THE FIRST EDITION. 



Industrial Design is destined to become a universal language; for in our material age of raprd* transition from abstract 
to applied Science — ^in the midst of our extraordinary tendency towards the perfection of the means of conversion, or 
manufacturing production — it must soon pass current in every land. It is, indeed,, the medium between Thought and 
Execution ; by it alone can the genius of Conception convey its meaning to the skill which executes — or suggestive 
ideas become living, practical realities. It is emphatically the exponent of the projected works of the Practical 
Engineer, the Manufacturer, and the Builder ; and by its aid only, is the Inventor enabled to express his views before 
he attempts to realise them. 

Boyle has remarked, in his early times, that the excellence of manufactures, and the facility of labour, would be 
much promoted, if the various expedients and contrivances which lie concealed in private hands, were, by reciprocal 
communications, made generally known ; for there are few operations that are n%t performed by one or other wfth 
some peculiar advantages, which though singly of little importance, would, by conjunction and concurrence, opftapeiw 
inlets to knowledge, and give new powers to diligencfe ; and Herschel, in our own days has told us that, next tov the 
establishment of scientific institutions, nothing has exercised qo- powerful an influence on the progress ef'^modem 
science, as the publication of scientific periodicals, in directing tfae- course of general observation, and holding con- 
spicuously forward models for emulative imitation. Yet, without the aid of Drawing, how can this desired reciprocity 
of information be attained ; or how would our scientific literature fulfil its purpose, if denied the benefi^«o£ the graphic 
labours of the Draughtsman ? Our verbal interchanges would^ in.truth, be vague and barren detail£y,a»d.sour [U'inted 
knowledge, misty and unconvincing. 

Independently of its utility as a precise art. Drawing- really interests the student, whilbtrJk instructs hiinv It 
instils sound and accurate ideas into his mind, and developes his intellectual powers in compelling him to observe — as 
if the objects he delineates were really before his eyes. Besides, he always does that the best,, wjtich he best under- 
stands ; and in this respect, the art of Drawing operates as a powerful stimulant to progress, ui-^^tinually yielding 
new and varied results. 

A chance sketch — a rude combination of carelessly considered pencillmgs — the jotted mawo^n^da of a contem- 
plative brain, prying into the comers of contrivance — often form the nucleus of a splendid invention}. Aniciea thus pre- 
served at the moment of its birth, may become of incalculable value, when rescued from the dasuji.tocy train of fancy, 
and treated as the sober offspring of reason. In nice gradationsj it receives the refining touches-of l^i^rcp— bopoming, 
first, a finished sketch, — then a drawing by the practised hand — sO that many minds may find easy a^^cess to it, for their 
joint counselUngs to improvenffent — until it finally emerges from the workshop, as a practical triumph. of ^mechi^ical 
invention — an illustrious example of a happy combination opportunely noticed. Yet many ingenious men are^.h^ely 
able even to start this train of production, purely from inability to delineate adequately their early conceptioi;!?, qr 
furnish that transcript of their minds which might make their thoughts immortal. If the present Treatise, succeeds 
only in mitigating this evil, it will not entirely fail in its object ; for it will at least add a few steps to the ladder of 
Intelligence, and form a few more approaches to the goal of Perfeetion. 

The study of Industrial Design is really as indi^ensably necessary as the ordinary nidimen]ts of learning. It 
ought to form an essential feature in the education of young persons for whatever profession or omploymicnt they msyr 
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intend to select, as the great business of their lives ; for without a knowledge of Drarwing, no scientific work, whether 
relating to Mechanics, Agriculture, or Manufactures, can be advantageously studied. This is now beginning to receive 
acknowledgment, and the routine of study in all educational establishments is being benefited by the introduction of 
the art. 

The special object of the Practical Draughtsman's Book of Industrial Design may abnost be gathered 
from its title-page. It is intended to furnish gradually developed lessons in Geometrical Drawing, applied 
directly to the various branches of the Industrial Arts: comprehending Linear Design proper; the study of 
Projections; the Drawing of Toothed Wheels and Eccentrics; with Shading and Colouring; Oblique Projections; 
Parallel, Exact, and Isometrical Perspective; each division being accompanied by special applications to the 
extensive ranges of Mechanics, Architecture, Foundry-Works, Carpentry, Joinery, Metal Manufactures generally, 
Hydraulics, the construction of Steam Engines, and Mill- Work. In its compilation, the feeble attraction generally 
ofiered to students in elementary form has been carefully considered; and after every geometrical problem, a 
practical example of its application has been added, to facilitate its comprehension and increase its value. 

The work is comprised within nine divisions, appropriated to the different branches of Industrial Design. The 
first which concerns Linear Drawing only, treats particularly of straight lines — of circles — and their application to the 
delineation of Mouldings, Ceilings, Floors, Balconies, Cuspids, Rosettes, and other forms, to accustom the student to 
the proper use of the Square, Angle, and Compasses. In addition to this, it affords examples of different methods of 
constructing plain curves, such as are of frequent occurrence in the arts, and in mechanical combinations — as the 
ellipse, the oval, the parabola, and the volute ; and certain figures, accurately shaded, to represent reliefs, exemplifying 
cases where these curves are employed. 

The second division illustrates the geometrical representation of objects, or the study of projections. This forms | 
the basis of all descriptive geometry, practically considered. It shows that a single figure is insufficient for the 
determination of all the outlines and dimensions of a given subject ; but that two projections, and one or more sections, 
are always necessary for the due interpretation of internal forms. 

The third division points out the conventional colours and tints for the expression of the sectional details of objects, 
according to their nature ; furnishing, at the same time, simple and easy examples, which may at once interest the 
pupil, and familiarise him with the use of the pencil. 

In the fourth division are given drawings of various essentially valuable curves, as Helices, and different kinds of 
Spirals and Serpentines, with the intersection of surfaces and their development, and workshop applications to Pipes, 
Coppers, Boilers, and Cocks. This study is obviously of importance in many professions, and clearly so to Ironplate- 
workers, as Shipbuilders and Boiler-makers, Tinmen and Coppersmiths. 

The fifth division is devoted to special classes of curves relating to the teeth of Spur Wheels, Screws and Backs, 
and the details of the construction of their patterns. The latter branch is of peculiar importance here, inasmuch as it 
has not been fully treated of in any existing work, whilst it is of the highest value to the pattem-miJLer, who ought 
to be acquainted with the most workmanlike plan of cuttmg his wood, and effecting the necessary junctions, as well 
as the general course to take in executing his pattern, for facilitating the moulding process. 

The sixth division is, in effect, a continuation of the fifth. It comprises the theory and practice of drawing 
Bevel, Conical, or Angular Wheels, with details of the construction of the wood patterns, and notices of peculiar forms 
of some gearing, as well as the eccentrics employed in mechanical construction. 

The seventh division comprises the studies of the shading and shadows of the principal solids — Prisms, Pyramids, 
Cylinders, and Spheres, together with their applications to mechanical and architectural details, as screws, spur and 
bevel wheels, coppers and furnaces, columns and entablatures. These studies naturally lead to that of colours — 
single, as those of China Ink or Sepia, or varied ; also of graduated shapes produced by successive flat tints, according 
to one method, or by the soflening manipulation of the brush, according to another. 

The pupil may now undertake designs of greater complexity, leadiug him in the eighth division to various figures 
representing combined or general elevations, as well as sections and details of various complete machines, to which 
are added some geometrical drawings, explanatory of the action of the moving parts of machinery. 

The ninth completes the study of Industrial Design, with obUque projections, and parallel, exact, and isometrical 
perspective. In the study of exact perspective, special applications of its rules are made to architecture and machinery 
by the aid of a perspective elevation -of a com mill supported on columns, and fitted up with all the necessary gearing. 
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A series of Plates, marked A, b, &c., are also interspersed throughout the work, as examples of finished drawings of 
machinery. The Letterpress relating to these Plates will form an appropriate Appendix to the Volume. 

Such is the scope, and such are the objects, of the Practical Draughtsman's Book op Industrial Design. 

This is the course now submitted to the consideration of all who are in the slightest degree connected with the 
Constructive Arts. It aims at the dissemination of those fundamental teachings which are so essentiallj necessary 
at every stage in the application of the forces lent to us by Nature for the conversion of her materials. For "man can 
only act upon Nature, and appropriate her forces to his use, by comprehending her laws, and knowing those forces in 
relative value and measure." All art is the true application of knowledge to a practical end. We have outlived the 
times of random construction, and the mere heaping together of natural substances. We must now design careixdly 
and delineate accurately before we proceed to execute — and the quick pencil of the ready draughtsman is a proud 
possession for our purpose. Let the youthful student think on this ; and whether in the workshop of the Engineer, 
the studio of the Architect, or the factory of the Manufacturer, let him remember that, to spare the blighting of his 
fondest hopes, and the marring of his fairest prospects — to achieve, indeed, his higher aspirations, and verify his loftier 
thoughts, which point to eminence — ^he must give his days and nights to the study of 
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PREFACE TO THE SECOND EDITION. 



The First Edidon of this Work having been exhausted, a Second is now offered to the Students of Mechanical and 
Architectural Drawing, which, it is hoped, will not be found less useful than it may be presumed the First has been. 
The whole has been very carefully revised, and various additions have been made throughout. French measures will 
no longer give trouble to the reader. The illustrated chapter on Drawing Instruments has been extended, so as 
to comprise all the additions which have been made to these important auxiliaries since the publication of the 
First Edition of this Work, as well as the improvements which have from time to time been introduced in 
the arrangement or form of existing instruments. We have deemed it the proper course to commence the 
Work with the descriptive matter relating to this part of our subject ; so that the Student is, at the outset, 
put in possession of the necessary information connected with the requisites of the art. Many of the Instruments, 
we shall have occasion to describe, are not required by the young draughtsman, but the information connected 
therewith may prove highly useful. Oiur object is to anticipate Ae wants of the reader, by providing for his 
use all the information within our reach. To afford space for the extension of the introductory portion of our 
subject, it will be necessary to omit some of the Tabular Matter, which is to be found in every Work of 
Reference connected with Mechanics. 




ABBREVIATIONS AND CONVENTIONAL SIGNS. 



In order to simplify the language or expression of arithmetical and geometrical operations, the following conventional signs arc 
used : — 

The sign -|- signifies plus or more, and is placed between two or more terms to indicate addition. 

Example : 4 + 3, is 4 plus 3, that is, 4 added to 3, or 7« 

The sign — signifies minus or less, and indicates subtraction. 

Ex. : 4 — 3, is 4 minus 3, that is, 3 taken from 4, or 1. 

The sign X signifies multiplied by, and, placed between two terms, indicates multiplication. 

Ex. : 5 X 3, is 5 multiplied by 3, or 15. 

When quantities are expressed by letters, the sign may be suppressed. Thus we write indifferently : — 

a X ^ or ab. 
The sign : or (as it is more commonly used) -f-, signifies divided by, and, placed between two quantities, indicates division. | 

12 

Ex. : 12 : 4, or 12 -;- 4, or -j, is 12 divided by 4. 

The sign =: signifies eqtuils or equal to, and is placed between two expressions to indicate their equality. 

Ex. : 6 + 2 = 8, meaning, tlMit 6 plus 2 is equal to 8. 

The union of these signs, : : : : indicates geometrical proportion. 

Ex. : 2 : 3 : : 4 : 6, meaning, th«fc 2isto3as4isto6. 

The sign t/ indicates the extraction of a root ; as, 

V 9 == 3, meaning, that the square root of 9 is equal to 3. 
The interposition of a numeral between the opening of this sign, |/, indicates the degree of the root. Thus — 

V^27 =: 3, expresses that the cube root of 27 is equal to 3. 
The signs Z. ^^^cl y indicate respectively, smaller than and greater than. 

Ex. : 3 ^ 4, = 3 smaller than 4 ; and, reciprocally, 4 ^ 3, =: 4 greater than 3. 

Fig. signifies figure ; and pL, plate. 



EXPUNATION OF TECHNICAL TERMS IN GEOMETRY. 



To deteribe % figure tneans to draw it on a plane Bnrfacet such aa a sheet of 
paper. 

To produce or prolongs straight line is to lengthen it in the same straight 
line. 

A right>lined figure is said to he etrcumscribed about another, and the 
latter is said to he inncribed in the former when all the vertices of the inner 
figure are in the sides of the outer. In the case of circles ctrcitmscrilring 
right-lined figures, the vertices of the latter are in the circumference ; and in 
the case of right-lined figures circumscribing circles, all the sides of the 
former are tangents to the latter. 

To bisect signifies to divide into two equal j^arts { to trisect to divide into 
three equal parts. 



Two lines or figures are said to coincide when they agree in every respect. 

The point of interi^tion of two lines is that where they cross each 
other. 

A ffiven line signifies a fixed or known line, the position or magnitude of 
which is given. 

ApfdbUm 18 something required to be constructed or made ; a theorem is 
something required to be proved ; and both are propositions. 

A coro2Zdfy is something that follows as an additioual conclusion from 
what has been constructed or proved. 

An aesiofn is the statement of a truth admitted by all the world, and 
requiring no demonstration. 



THE 



PRACTICAL DRAUGHTSMAN'S 



BOOK OF INDUSTRIAL DESIGN. 



"We are not to foifet tiie powerful effect which must be prodaced bj the ftprend of eletnentaiy works and digeste of what is actually known in each bnoch of science. 
* * * It i« only by condensing, simplifying, and arranging in the most Incld possible manner the acquired knowledge of past genenitioiiSy that those to come can be 
enabled to araU themselves to the full of the adranced point from which they will start"— ^r John HerseheL 



CHAPTER I. 

DRAWING INSTRUMENTS. 



Ik the following pages we propose to teach the art of mechanical 
drawing, by going through such a complete course of instruction 
as will enable the student, with due attention and practice, to 
understand the subject thoroughly, and qualify him to produce 
drawings similar to our example plates. In carrying out our 
object we shall commence with the simplest rudiments of the art, 
and proceed onwards in a regular and carefully graduated course of 
lessons, until we arrive at tiie delineation of the finished subject. 
And, by giving, at an early stage of our labour, directions for ih*o- 
I dndng a number of pleasing and useful oombinatious of geometrioal 
I figures, such as are delineated in the second of our illustrative 
' plates, we hope to impart to the subject such an amount of interest 
as will greatly lighten the labour of the student, whilst he is over- 
coming the elementary difficulties. 

Mechanical drawing is distinguished from ** free hand drawing " 
by its lines and curves being drawn of uniform width and sharp- 
ness throughout, and with a d^ee of accuracy unattainable without 
tiie assistance of instruments. It will bs therefore proper, before 
proceeding to the practical part of our work, to explain and 
illustFate the several instruments made use of by the draughtsman. 
Some of these instruments are indispensable to the beginner; 
the first requisite is: — 

The Dkawiho Board : TfaSs, if of the ordinary ki»d, is made of 
well-seasoned deal of the best quality, and free from knots. The 
board is of a rectangular figure, the size being regulated according 
to the kiad of paper to be used. The wood should be about { or 
1 inch thick when planed up, the pieces of plank being carefully 
joined with tongue and groove joints ; the edges of the board must 
also be accurately squared and at right angles to each other. A 
very useful size of board is 42 inehes by 29 ; this size is adapted 
for double elephant paper, so as to leave a dear margin of one inch 
all round the edge. 

Another size which is very well adapted for the beginner, and is 
more portable, is one of 24 by 18^ kiches; this will take a sheet of 



demy or medium drawing paper, or a half-sheet of double elephant, 
either of which sizes answers well for generally useful drawings. The 
battens at the back of the drawing board should be fh)m 1^ to 1^ 
inches thick, and should have the outer edges bevelled o£^ for con- 
venience in carrying the board. The screiies which pass through 
the battens to connect them to the boards should not pass through 
simple holes, but have slots made for them in the battens, and these 
slots should be from about half an inch to f in length. When so 
fitted, the arrangement of the slots admits of the extension and 
shrinking of the board, without causing the joints to open, which 
always occurs when the battens are rigidly secured to the board. 
We have seen some very superior drawing boards made in narrow 
strips grooved and tongued together, the object being to prevent 
the casting or warping which sometimes occurs in the width of 
the plank forming the board. 

Some drawing boards afe made with end pieces, with the grain 
at right angles to the length of the board, but these are objec- 
tionable, owing to the shrinking of these pieces, and so leaving 
unseemly openings between the contiguous edges, which are incon- 
venient when using thin drawing paper. To do away with the 
necessity of end pieces, and at the same time pi^pvent the comers 
of the board from splitting off, it is well to have « small rectangular 
tenon of cross-grained wood let into a mortise made at each comer of 
the board. Without this precaution drawing boards are very liable 
to be split off at the comers in moving them about, or carrying them 
from place to place. 

If lightness and portability are objects of importance to the stu- 
dent, he should select a French bo<ir4. These drawing boards are 
made of thin but thoroughly seasoned wood, which does not warp, 
and they are very light and well adapted for carrying about 

In the drawing bcanits to which we have referred, the paper 
is strained by glueing its <edges, when damped, down to the 
board, and this kind is by far the most generally used. But what 
is termed the "panel drawing l^Murd" is designed to obviate ti^ 
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necessity of using glue, or other adhesive material. These boards 
are generally made in mahogany, and they consist of an open frame 
to which ifi fitted accurately, a solid centre panel, and this panel is 
secured to the frame, when required, by moveable cross bars, or 
wedges. The disadvanfcages of these boards are, that the shrinking 
of the panel causes the paper to slacken at times, and so gives the 
draughtsman a good deal of trouble in his work. The paper in 
drying also frequently forms crei^es at the angles of the panel, the 
ridges of which are very inconvenient, if an attempt is made at 
drawing without re-straining the paper. Therefore, on the score of 
economy, as well as bona fide utility, we recommend the stu- 
dent to provide himself with an ordinary plain board of good 
quality. 

When the drawing is to b^ only in outline, it is sufficient if the 
paper be fastened down at the comers with drawing pins. The 
English drawing pin is made with a circular brass head, the edges 
of which are bevelled off; the pin is about three-sixteenths of an 
inch in length, and is made of thick wire. The French drawing 
pin, which is greatly to be preferred, is shown In the 

T accompanying engraving, fig. 1, in elevatiou i^pd {Aan. 
The head of this drawing pin is made of very thin metal, 
the outer surface being slightly convex; the pin is of fine 
^^^ steel wire, and polished as highly as an ordinary sewing 
^PP needle. These drawing pins hold the paper better than 
the ordinary English pin, the holes made in the paper 
are much smaller, and the T square glides over the heads of 
these pins without obstruction. 

If the drawing is to be tinted, it is necessary to strain the paper 
on the board, and this, indeed, should be done in all cases where 
anything more than a mere rough drawing is to be made. The 
straining of the paper is best effected in the foUqwing manner : The 
sheet of paper is laid upon the drawing board, with the surface 
upon which the drawing is to be made, uppermost; about half an 
inch of the paper is turned in all round the margin, this inwardly 
turned part being pressed down upon the face of the paper with a 
folder. The paper is now laid with the face to the board, and the 
back is wetted all over by mean^ of a sponge dipped into clean 
water, going over the whole surface excepting the inwardly turned 
margin. As soon as the paper has absorbed the water, so that it no 
longer shines upon the surface, the sheet is reversed and placed evenly 
upon the board. The folded edges are now raised from the face of the 
paper, and this part is gone over with a brush dipped in melted glue. 
Some have advised the use of a piece of solid glue dipped in hot 
water, so as to dissolve the surface portion of the glue, but this way 
is neither so expeditious or satisfactory, as the use of the glue pot 
and brash. As the sides of the sheet of paper are successively 
glued, they are rubbed down upon the board with a paper folder or 
other smooth surface. When the paper is dry it will be found 
to present a perfectly smooth and iminjured surface for the drawing 
to be made on. Animal and vegetable parchments are strained in 
like nianner, only observing that in animal pai:chment there is a 
difference between the surfaces, the smooth side which is called the 
right side, being preferred by some for drawing on, whilst others 
consider that the back of the skin takes the ink and colour much 
better. 

It is, however, with paper drawings that the young student will 

have to deal, and for his early efforts, cartridge paper, of good 

quality, will answer his purpose very well ; at the same time it is 

much lower in price than drawing paper. 

Dbawino Paper is made in sheets of various sizes, to which the 



following distinctive names have been given ; we have appended 
their respective dimensions in inches. 



Demy, . . 
Medium, 
Royal, . . 
Super Royal, 
Imperial, . 
Elephant, . 



laa. las. 

20 X 16i 
22} X 17J 
24 X 19i 
27i X 19i 
80 X 22 
2a ^ 23 



Columbian, . . 
Atlas, .... 
Double Elephant, 
Antiquarian, . . 
Emperor, . . . 



36 
34 
40 
53 
68 



X23J 
X26 
X27 
X31 
X 48 



These papers are made in two kinds, viss.: — ^rolled and unrolled; the 
former has a smooth glazed surface, produced by passing the paper 
between heated copper cylinders. This kind of paper is well 
adapted for dravrings in outline, or for sectional work, but the 
smooth glossy surface does not do for tinting on. The unrolled 
paper has a fine granulated opaque surface, which is just the texture 
required for receiving colour and obtaining a pure and uniform tint 
There are various makers of drawing paper, but the name which 
stands pre-eminent for excellence in this artiole, ia that of Mr. 
Whatman, of Turkey Mills. 

The sizes of paper which we have given are sufficiently large for 
all ordinary drawings, but for special work, such as railway plans, 
sections of canals, tunnels, sewers, &c, paper of much greater 
length than " Emperor" is required. For ^his purpose, machine- 
made paper is supplied to the dealers in continuous lengths or 
pieces, which may be purchased by the yard at a yery moderate 
price. 

Before leaving this part of our subject we must say a word or 
two respecting tracing paper and tracing cloth. To be able to mul- 
tiply quickly an original mechanical diawing, and to do this cor- 
rectly, is at times of the utmost convenience to the draughtsman 
and engineer. These duplicates are obtained by means of tracing 
paper, or its substitute traoiug cloth. Tracing paper is prepared 
by saturating large sheets or continuous lengths of tissue paper, 
with a preparation of Canada balsam, thinned with turpentine. 
This material renders the paper semi-transparent, so that when 
laid down upon a drawing, the lines may be readily traced over 
on the upper side of the superimposed paper, and in this man- 
ner a correct duplicate of the drawing is obtained. The tracing 
paper is kept steady by means of eight or more drawing pins put ia 
round its margin. There is one very important objection to our 
English tracing paper, it gets opaque and very brittle by keeping. 
This is an evil which French draughtsmen do not experience, as 
the paper they use ;s very thin, pure in colour, and without any 
preparation on its surface. It is rendered sufficiently transparent 
for tracing purposes by rolUng ; the French makers indeed excel ui 
the production of thin highly glazed papers. French tracing paper 
may be obtained from most of the leading artists' colourmen in this 
country. 

Where a greater degree of durability is required, it is advisable 
to use tracing cloth. This material is made of fine muslin, ren- 
dered transparent and fit to draw on, by coating it with a prepara- 
tion of was. Tracing cloth is sold by the yard; its surface is 
admirably adapted for outline drawings, but it does not take 
colour well, as the water sinks through the prepared surface an4 
destroys its brilliancy. 

We now turn to the instruments required for setting out a drawing 
on the board, and as the lines must be put in first in pencil, we will 
show the best mode of preparing it for the draughtsman's use. 

The pointing of a pencil may appear a very trivial matter, but 
the student may be reminded of Dr. Johnson's remark, ^* a thing 
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Fig. 2. 



that is worth doing at all, is worth doing well," and he will find 
that a due attention to small things, will wonderfully assist him 
in overcoming the difficulties of greater ones. For drawing lines 
with the assistance of the T» or set square, the point of the 
pencil should he cut flat and slightly rounded, in the manner shown 
in the suhjoined illustration, fig, 2, which represents front and 
side views of the pointed end of the pencil. 
The wood at the sides of the point is cut away 
up to a moderate height, and these cuts are 
made at opposite angles of the enclosed rectan- 
gular slip of lead, so aa to leave the wood 
extending down on each side of the lead towards 
_ m"^ ^^® point. The front and hack parts of the 
IH m p^Mut are formed by cutting away the wood 
!"■ ^^^1 considerably above the sides, as shown in the 
figiue, and in order to obtain the desired flat 
point, the wood is cut away freely, leaving a 
good portion of the lead denuded. This part 
of the lead is carefully cut to form a broad 
thin point, slightly rounded off at the sides, 
and quite sharp at the extremity as shown in 
the side view, fig. 2. A pencil pointed in this 
manner, is not only more convenient in use than the round point, 
but it wears longer, and is more easily kept in working order. 
And although a considerable portion of the lead is laid bare, there 
is less liability of fracture, on acoount of the lateral angles of the 
lead being well protected and supported by the cedar at the sides 
descending low down towards the point. 

Various contrivances have from time to time been brought 
before the public for giving a finely rounded point to the pencil. 
Among those brought out some years ago, was Mr. Echstein's, 
which consists of two file cut metal surfaces, arranged at an angle 
of 45°, and forming a little trough, the metal being imbedded in 
a mahogany holder. The pencil is sharpened by rubbing it over 
either of the finely toothed metal surfaces, and finishing it in the 
apex of the angle. A homely substitute for this useful little instru- 
ment is fine glass paper, which produces a very good point, but 
speedily becomes filled with the particles of abraded lead. 

A mechanical pencil sharpener of greater pretension has been in* 
troduced from France by Messrs. Marion, of Regent Street, London. 
Fig. 3, represents a side elevation of the instrument. A projection, 
A, is formed on the side of Vk piece of metal, sufficiently large 

to allow of a 
conical aperture, 
B, corresponding 
with the required 
cone of a pointed 
lead pencil. One 
side of this pro- 
jection is slotted 
to receive the 
cutting edge of 
the small knife, c, which is attached to the inclined portion, d, of 
the metal block by the screw^ e, passing through a slot in the 
knife. A short projection, f, is formed upon the knife for the con- 
venience of adjustment, and when set, it is held in position by the 
two set-screws, o. A small handle is screwed into the block at 
H, from behind, for the convenience of holding the instrument 
when in use, and the end of this handle is hollowed to receive the 
small projection, f, on the knife, c, for the facility of holding it 



Fig 3. 




Fig. 4, 



when detached for the purpose of sharpening the edge. An adjust- 
able guide, I, is secured by the pinching screw, j, by one end, 
beneath the block, and is furnished with two arms, k, jointed on 
to the end of the rod of the guide, for embracing the pencil, l, 
during the cutting operation. 

In using this instrument, the pencil is simply passed between 
the two guide-arms, k, and its end is inserted in the conical hole, b. 
It is then turned round between the finger and thumb, and the 
knife-edge coming into contact with the end to be sharpened, 
quickly pares off the material. By this simple apparatus an ex- 
cellent point is given to the pencil in a very short time. 

Since that time we have bought for a single franc, in Paris, a 
still simpler form of cutter, consisting merely of a small brass 
holder with a conical hole for the pencil, and a little cutter screwed 
on outside. Now, however, the Americans sr\pply us with some- 
thing simpler and cheaper still, as shown in fig. 4. It is a cutter 
cast in a small conical holder of block tin. This 
sharpener is cast in a metal mould, the httle knife 
being held in position by a small metal cam or 
retainer, whilst the block tin is poured round it. 
The whole is thus formed at one operation after 
the cutter is made: the holding ring at one end for 
the grasp of the fingers, the conical hole for the 
entry of the pencil, and the slot for the egress of 
the pencil shavings, being all produced in the 
mould. Our sketch shows this sharpener as in 
operation, with a pencil entered into it, and the 
shaving emerging from the slot. Such a sharpener 
may obviously be produced at an excessively cheap 
rate, and although when the cutter is blunted it 
must be thrown aside for a new one, as it can- 
not be sharpened, yet the very trifling expense 
of its primary productioi^ more than makes up for this defect. 

The T square is an instrument which is indispensable to the 
draughtsman. It is represented in its simplest form in fig. 6, plate 
I. It consists of a he^d or stock, in which is fitted a long thin 
blade, e, set exactly at right angles to the head. The blade of the 
squard is in this kind fitted flush with the upper face of the head, 
the edge of which is kept close up the edge of the drawing 
board qr straight edge. The T square is operated by the left han^, 
and the upper edge of the blade against which the pencil or draw- 
ing pen works is bevelled off, so that only the extreme point of the 
pencil in drawing rests against the edge, which permits of the< in- 
strument being brought close up to the position of the line to be 
drawn. The English made T square has its blade set midway be^ 
tween the faces of the head, which is made with a projecting 
feather of about a qj^arter of an inch wide. In using the square, 
this feather rests upon the edge of the drawing board and pre- 
vents it from tilting or turning round in the band. Another 
advantage is, that both edges of the blade are bevelled so that 
either may be used at pleasure. When working out at the end 
of the blade it is apt to deflect a little with the pressure against 
its edge. To avoid this, Messrs. Stanley and Robinsoo, of 
the Turnstile, London, introduced a T, in which the blade gradu- 
ally increases in width from the oatev end towards the bottom^ 
80 that at the junction with the head it is about fouj inches wide^ 
This improvement leaves, of ooiurse, only one working edge lil^o 
the French T square. In order to bo enabled to set the blade 
of the square at any desired angle^ the head is divided longitudi- 
nally, the two parts being conneeted by a set screw, which is ad- 
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justed by means of a milled head on the upper face of the bead. 
The blade of the square is fixed to the upper half of the head, the 
lower portion being the moveable part. Upon loosening the screw 
slightly and turning the moveable part of the head about its axis, 
the blade may be set and fixed at any required angle. The addi- 
tion of a graduated quadrant made of thin brass and let into the 
fixed part of the head so as to extend over the blade, enables the 
user to set the blade at once to the desired angle. 

Set squares are constantly required for use in conjimction with 
the T square, for obtaining perpendicular lines, and for readily di- 
viding circles into a given number of parts. These set squares are 
generally made out of thin pieces of pear tree or boxwood ; they 
are made in various sizes, and the student will find it'con- 
venient to have three or four.of different dimensions. Two 
sides of the set square invariably form a right angle, as 
shown in fig. 6, plate 1, whilst the third side is cut to an 
angle of 45% 60*", or 70°, each kind beuig useful for spe- 
cial purposes. 

The ordinary English drawing pen is delineated in fig. 
6 ; it consists of a pair of flat, tapered steel-blades, fixed 
to a handle of ivory or ebony. The ink is contained be- 
tween the blades, and flows out from between the points, 
the thickness of line produced being dependent on the 
distance asimder of the points, which distance is regu- 
lated by a pinching-screw. In order to maintain a uni- 
form thickness of line, care must be taken to clean the 
outsides of the points after each fresh supply of ink; this 
is best done by means of blotting paper or cloth, and the 
ink as it thickens between the points is cleared from time 
to time by passing the comer of a small piece of good 
writing paper between them. 

It is often necessary to draw a number of lines, of differ- 
ent thicknesses, immediately succeeding each other. In 
this case, the inconvenience of repeatedly turning the ad- 
justing-screw of the pen may be avoided by using a pen 
of the construction represented in figs. 6 and 7. This pen 
is the invention of IL Maubert, a French engineer, and 
it differs from the ordinary drawing-pen 114 the shape of 
the points, ^, ^ of which fig. 7 is an end view. These 
points are made broad and rounded, and are curved at the 
sides, so as to present convex surfaces towards each other; 
in other words, they touch each other at their centres, 
but gradually separate towards each side: and in using 
the pen, if a fine line is wanted, it is held vertically ; 
if a thick line is needed, it is inclined more or less to 
either side, so as to bring the more separated portions of 
the acting edges in contact with the |>aper. 

With the exception of the shape of the points, the pen 
represented in fig. 6 may be taken as an example of the 
best construction of a mathematical drawing-pen. The 
blades are formed of a single piece of well-tempered 
steel, and are fixed upon an ivory handle, by means of 
a brass socket. In some pens, the tips only of. the blades are of 
steel, the remainder being of German silver, or of brass ; and one 
blade is jointed at its root, so as to be capable of being opened out 
and cleaned, when necessary. A spring is fixed between the 
blades, so as to keep them open as far as the regulating screw 
will admit. Whilst, on the one hand, this facility in cleaning is an 
advantage, on the other, there is an accompanying liability of the 
joint getting loose, in which case the points can never be kept 






opposite to each other, and it is quite impossible to preserve uni- 
formity and cleanness of lining with a pen in such a state. 

In making mechanical drawings in outline, and with i^>8- & 
shadow lines, two thicknesses of lining are necessary ; and 
for this purpose, the secondary adjustment drawing-pen 
will be found very convenient. This modification of the 
common drawing-pen is the invention of Mr. G. P. Ben- 
shaw. It is represented in fig. 8. It has a regulating 
screw. A, like an ordinary drawing-pen ; and by means of 
this screw the points are set for the thick or shadow line, 
whilst a secondary screw, b, is introduced, for regulating 
the thin or face line. The pen is made with a stronger 
spring than usual, and when a fine line is wanted, the 
points are pinched together by the grasp of the fingers, as 
closely as the screw, b, will permit ; whilst a thick line 
is produced, by allowing the points to stand as far apart 
as the screw, a, is set for. We may here remark, that 
in using a drawing-pen of any construction, care must be 
taken not it press it against the straight edge, or ruler, 
as this will close the points ; and if the pressure is not 
uniform, which is pretty certain to be the case, where 
any pressure at all is used, a line of irregular thickness 
will be the result 

In fig. 9 is represented a duplex pen, oonunonly known 
as *' the road-pen'' It is a very convenient instrument for 
drawing parallel lines, such as represent roads on maps. It 
consists of two pens, fixed upon one handle, their distance 
apart being regulated by a screw, with a central button, the 
portions entering the shanks of the pen having the thread 
in opposite directions, so as to open or shut the shanks 
according to the direction in which the button is turned. 
The two pens are of the usual construction, with r^u- 
lating screws ; and they may both be set for the same 
thickness of line or not, as convenient. Thus, one can 
be set for the face line, and the other for the shadow, or 
back-line, of a hedge, or other parallel-edged prominence. 
This instrument is mostly used in topographical drawing. 
The pen for drawing dotted lines, resembles the ordi- 
nary lining-pen in shape, with the addition of a small 
wheel, like a spur-rowel, pivoted in the rounded points 
of the pen-blades. The ink is introduced between the Fig. 7. 
blades, and the points of the rowel pass through it, and 
are intended to transfer to the paper beneath just sufficient ink 
to produce a line of dots. The action of the instrument is, 
however, very imperfect, and it is nearly discarded by modem 
draughtsmen, who prefer drawing dotted lines with the ordinary 
pen. Indeed, the time gained by using the rowel dotting-pen. 




when in perfect working order, is lost in bringing it to that con- 
dition. Besides, the pitch and depth of the dotted lining are 
liable to constant variation, according as the work in hand is on a 
large or small scale ; and with the common pen, the operator can 
easily effect the necessary changes, whilst the dotting-wheel binds 
him down to one class of line. 

We are, hoysrever, indebted to the ingenuity of a French draughts- 
man for a dotting-pen of very elegant action, and capable of pro- 



BOOK OF INDUSTRIAL DESIGN. 



11 



Fig. 9. 



ducing a great variety of dotted lines. This inatrament is re- 
presented in figs. 10 and 11, the former being a side elevation, and 
the latter a transverse vertical section. To 
an ebony or ivory handle, is attached a small 
frame, e, carrying two pulleys, or running 
wheels, f, g. The latter wheel is carried upon 
a steel stud, riveted to the plate, e, and is of 
considerable diameter, for the sake of steadi- 
ness. This stud, likewise, carries a disc, b, 
made to revolve with the wheel, q, by means 
of a pin, a, entering a socket in the latter. A 
nut is passed on to the screwed end of the stud, 
to retain the wheel and disc. The disc, 5, is 
rather less in diameter than the wheel, o, and 
it is formed with indentations, to act as a rota- 
tory cam. Inmiediately above the disc is tlie 
lever, h, which carries a pencil, or pen, of the 
ordinary description. The lever, H, vibrates 
on a screw-pin, securing it to the framing, e, 
and it is pressed down by a blade-spring, di 
It is formed with a projection, c, which enters 
the indentations on the periphery of the disc, 
h ; so that the rotation causes it, and with it 
the pen or pencil, to rise and fall. The action 
of the instrument is obvious. The back of the 
plate, B, is guided along the edge of a ruler, or 
square, the wheels being permitted to run on 
the paper; this motion turns the disc, &, and 
causes the pen to rise from or touch the paper 
•at intervals, according to the character of the 
indentations on the disc. The pulley, f, is 
simply to preserve the level of the instrument, 
and is carried loose on a pin, screwed into the 
frame, e. A number of discs are provided 
with different patterns of indentations, so that 
either of them may be substituted for the disc, 
% 5, to correspond to the kind of dotted line the 

"a draughtsman desires to produce. 

I A draughtsman requires several kinds of 

I compasses. The simplest are distinguished as 

Jl dividers, and are used for transferring measure- 
fl ments from a drawing which is being copied, 
I or from a scale; and also, as the name implies, 

/ for dividing lines and circles into equal parts. 

For this latter purpose, it is on the trial and 
error system that they are employed, if at all. 
Dividers consist of a pair of legs, pointed at one end, and jointed 
together at the other; the points, and a considerable portion of the 
leg, being of steel, whilst the shanks are of brass, German silver, 
or an amalgum known as electrum. German silver or electrum is 
to be preferred to brass, as the latter soils quickly, and is accom- 
panied by an unpleasant odour. The joint of the dividers, and 
of all compasses, must be made free from all cross-play, or late- 
ral looseness. The most ordinary kind are fastened simply by 
a common screw. We have, indeed, seen some very ordinary 
ones riveted together. The better kind have a steel pin passed 
through the leaves of the joint, upon which a flat brass or other 
metal nut is passed, at the further side. This nut has two small 
boles upon its face, for the introduction of the points of a turn- 
screw, to be met with in most sets of instruments. The joint- i 



leaf of one leg of a pair of compasses is usually of steel, as this 
arrangement gives a smoother action than when both sides of the 
joint are of the same metaL The better kind are also made with 
two steel leaves on one side, which are introduced between three 
brass ones on the other; but some have only one leaf on one side, 



Pig. 10. 



Fig 11. 




and two on the other. A perfect compasses-joint is a thing seldom 
met with, and draughtsmen are continually subject to annoyance, 
arising from the inequality of action of the joints of their com- 
passes. Messrs. Bentley's *' spiral spring compasses" aim at reme- 
dying this evil, by the adaptation of a small coiled spring to the 
joint, in such a manner as to equalise the pressure of the frictional 
surfaces throughout the entire movement. Our sketch, fig. 12,' 
which represents a side view of the end of the centre joint of the 
compasses, explains the mode of application of the spring. The 
centre joint, a, which 

is sectioned to show ^^^' '^ 

the spring, has a re- 
cess bored out of one 
side of it, just larg^ 
enough to receive the 
short coiled spring, 

B. When this centre joint is inserted between the two eyes form- 
ing the out^r joints, the spring reacts from the bottom of its box 
against one of the eyes or cheeks of the outside joint, thus keeping 
up a regular smooth working pressure on the joint surface. 

Externally, this little modification in no way affects the appear- 
ance of the instrument, as the spring, being entirely embedded in 
its recess, is not seen. At a mere trifle in the increase of the cost, 
an important objection is here remedied by very simple means. 

Some dividers are made with one of the legs so fitted as to be 
capable of a slight aoyustment independently of the main joint. 
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Theae are called " hair dividers," and are represented in fig. 13 

Flff. IS. Fi«.14. Fig. 15. 



frJIf. 1^, 



ee 




The leg, a, is not, like the other, soldered to the 
shank, but is fonned with a long thin strip of 
metal, which lies in a groove on the inside of the 
shank, and is fixed to the latter by a screw, at its 
upper end, near the compasses-joint. This thin 
strip acts as a spring to bring the point, a, nearer 
to the point of the other leg. A screw, b, passed 
through the shank, adjusts the point, a, a slight 
distance in or outwards, thus affording a means 
of taking measurements more minutely accurate 
than with the mere direct action of the hand upon 
the main joint Our fig. 13 may be taken as a 
representation of a very excellent style of dividers. 
The points should be strong, and not too finely 
tapered, and they should meet accurately when the 
instrument is closed. 

All cases of instruments contain a large pair of 
compasses, in addition to the dividers, which is 
usually of similar construction, except that one of 
the legs is made to fit into a socket in the shank, 
and a pencil or pen may be substituted, as re- 
quired. The pencil-holder and pen are both jointed, 
so that, in every case, they may be put in the best 
position for action. In the better kind, the fixed 



leg is also jointed ; so that in describing circles of large diameter, 
the centre point may still be entered vertically into the paper. A 
lengthening bar is also provided, which can be fitted into the shank- 
socket, whilst the4)en or pencil can be placed at the end of the bar, 
thus giving the compasses a greater range. 

In figs. 14 and 15, we have represented a modification of the 
universal compasses. This tool has no separate pieces, but is so 
arranged that a pen, pencil, or point, may be brought into action 
as desired. The shanks are forked, and the leg pieces are jointed 
to their extremities. One of the leg pieces is formed with a st«el 
point at one end, and a pen at the other; whilst the other leg has a 
steel point at one end, and a lead pencil at the other. The legs are 
jointed to the shanks by their longitudinal centres, and can be 
turned between the forks, so as to bring into action whichever 
end of the leg is required. A small pinching-screw is passed 
through one side of the shank, near its extremity, to fix the 1^ in 
position. 

Fig. 16 is a representation of a somewhat smaller pair of com- 
passes, in which the pen is formed in one piece with a steel point, 
which may be inverted, or a pencil-holder introduced instead. This 

FlR. 17. FiR. IP. FJp. 19. 
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Fig. 20. 

is a very convenient 
instrument for small 
work. 

Another form of 
compass instrument 
known as "the Na- 
pier compasses," is 
represented in figs. 
17, 18, 19, and 20. 
This is a " pocket " 
or "turn-in" com- 
pass, and takes up a very small space when closed, as in fig. 17. 
Fig. 20 is a cross section, taken at the line 1 — 2, in fig. 17. Figs. 
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18 and 19 are front and side views of the instrument when fully 
open. These compasses are, in some points, not unlike the pair 
just described. The shanks are each jointed, and their lower por- 
tions are forked to receive the swivelling points, which are jointed 
to them at their extremities. The swivelling points are formed 
respectively with a pen and pencil at their opposite extremities, and 
any one of these may be turned round into working position when 
required. A laterfd screw for fixing the points, as in figs. 14 
and 15, would be an improvement. Grooves are formed in the 
upper ends of the shanks, as shown in the section, fig. 20, and in 
these the points lie when the instrument is folded, as in fig. 17. 
When in this state the pen and pencil points lie within the forks 
of the lower joints. This tool is particularly convenient for those 
who require to carry drawing instruments with them from place 
to place. # 

We have next to describe the various forms of compasses of a 
smaller size, called ** bow compasses." No mechanical draughts- 
man shoidd be without these, for the larger sizes are far too heavy 
and cumbrous for the smaller and more delicate work which he is 
constantly called upon to execute. Fig. 21 is a front, and fig. 
22 a side elevation of a very neat form of jointed bow compasses 

Pig. 21. Fig. 22. Fig. 23. Fig. 24. Fig. 25. 




with a pen. The main joint is embraced by two eye plates, to 
which a small handle ts attached. A portion of this handle is 
milled, to give control over the instrument and facility in turning 
it. It will also be observed that the centre point is a needle, held 
by a small screw, in a socket formed in the leg of the instrument. 
This arrangement affords a means of adjustment as to length, 
whilst the point can easily be replaced if accidentally broken. Com- 
passes of the larger size are sometimes made with similar needles, 
but this refinement is considered by most draughtsmen as un- 
necessary, if the needle is not indeed inferior to the ordinary 
point, which, from its greater size and* strength is less liable to 



Pig. 26. 



injury. Both legs of the bow-pen compasses are jointed. Pig. 23 
is a front elevation of an instrument precisely similar to the last, 
except that it has a pencil instead of a pen. These compasses re- 
quire to be adjusted to any desired radius by the direct action of 
the hand. In work where great accuracy and minuteness is called 
for, it will often be found a very tedious matter to obtain a true 
adjustment in this manner, particularly if the joints of the instru- 
ment are not in perfect working condition. This difficulty is got 
over in what are termed " spring " or " screw " bow compasses. 
Fig. 24 is a front, and fig. 25 a side view of a pair 
of pen compasses of this class. The use of such 
instruments is confined to very small circles, of 
half or three quarters of an inch in radius at the 
most In the example we have selected for illus- 
tration, the centre leg is of brass or German silver, 
and is in one piece with the milled handle. It is 
also provided with a needle point. The pen is 
made with a spring-tempered steel shank, k, which 
lies in a groove cut in the centre leg, or body, and 
which is fixed to the latter, at its top, by a screw. 
A small screw spindle, l, is passed through an 
opening in the pen shank, and is jointed to the 
centre leg, and a button, or nut, is passed on to 
the screw spmdle outside the shank. This pen 
shank is so fixed as to have a tendency to stand 
out from the centre leg to the full extent of the in- 
strument's range, and by turning the button of the 
screw, L, it may be forced in or allowed to open, 
so as to give the necessary adjustment. Fig. 26 
is a side elevation of a pair of slightly modified 
spring-and-screw compasses ; it is shown with a 
socket, carrying an engraver's hurin. An ivory 
handle is fixed to the centre leg, or body of the 
instrument; and this arrangement is considered by 
some artists to give greater control over its action. 
The commoner kind of spring bow compa8.ses 
consists of a single piece of steel forming the two 
legs, and having a small brass handle attached. 
The steel of the legs is so tempered as to give 
them a tendency to stand apart, and the radius 
distance is regulated by a screw in the same manner 
as in the instruments represented in figs. 24 and 25. 

The draughtsman has frequently to delineate circles of a radius 
far exceeding the range of ordinary compasses, and for this purpose 
he must provide himself with *' beam" compasses. A good form 
of this instrument is represented in side elevation, in fig. 27, and in 
transverse vertical section, in fig. 28. It consists of a wooden bar, 
or ruler, t, of considerable length, and of a T section, being formed 
of two strips united by a dovetail joint. This construction prevents 
warping or bending, and is necessary where a scale is cut on the 
bar, as any deviation from a straight line would render the measure 
inaccurate. The compasses are provided with a pen, or pencil leg, 
and a centre leg, these being fitted upon the bar with socket pieces, 
M, M*. These socket pieces are fixed at any point along the bar, by 
pinching screws at the side ; but to prevent the point of the screw 
from injuring the bar, a loose plate of metal is interposed next to 
the bar, as shown in the section, fig. 28. The socket, m, is in a 
solid piece with its pen, or pencil-holder ; but the centre leg, n, is 
in a separate piece from its socket, m^ and is capable of minute 
adjustment back or forward in the latter. The socket, m>, has a 
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cylindrical groove along its under side, in which slides the head of 
the leg, N. This head is formed with a horisontal screw passage, or 

Fig. 17. 




The accompanTing sketch, fig. 30, represents a curve delineator, 
designed by P. B. Eassie, for tracing circles too large to be struck 
by trammels in the drawing ofiSce, as 
W«' M« railway radii, curvilinear roofe, &c a, 

is a tube, having fastened on its end a 
circular disc, c, 4 inches diameter; into 
this tube slides another, b, graduated 
for i inches in length tfi an inch scale. 

Fig. so. 




nut, to receive the screw spindle, i, which is held by an eye at the 
end of the socket groove, and is actuated by means of a button on 
the outside. By turning the screw, i, in either direction, the centre 
leg may be adjusted with great accuracy at any part of the socket. 
In adjusting the instrument to any measurement, the pencil socket, 
M, is loosened and set pretty near the mark, and fixed ; the exact 
length of radius is then obtained by adjusting the centre leg by 
means of the screw. A pair of beam compasses, or dividers, of 
somewhat different description, are represented in side elevation in 
fig. 29. In this instrument, which is entirely of metal, the centre 
leg is fixed to the bar, and the moveable leg is carried by a socket 
entirely embracing the bar, and sliding upon it An additional 
socket is carried by the bar, and is connected to the first by a 
longitudinal screw spindle, whilst it may be fixed at any point on 
the bar by means of a pinching screw underneath. The bar is 

Fig. 29. 




r 

■ graduated, and in the larger socket an opening 

m is made having a bevelled edge, upon which a 

I vernier scale is cut, so that very minute mea- 

I surements may be taken. In setting the instru- 

' ment, the smaller socket is fixed at a convenient 

point on the bar, and then the larger socket, 

which carries the moveable point, pencil, or pen, is set back or for- 

ward, as may be necessary, by the longitudinal screw connecting it 

to the smaller socket. 



On the outer end of this tube is placed 
a moveable disc, d, fastened by the set 
screw, p. Now, if the two discs were of 
equal size, the lines traced by the peri- 
pheries when rolling on their edges would be straight and parallel, 
but when one is less than the other, and consequently travelling 
over less space, the curves described by the larger disc will be the 
segment of a circle, the radius of which is found by taking the 
quotient derived from the division of the large disc by the reduc- 
tion in size between the two, and multiplying it by their distance) 
apart. Thus, when the disc at d is one-twelfth of an inch less 
than at b, their distance apart being 6 inches, we have 

^x = 48 X 6 in. = 288 in. = 24 feet radius; 

and when the tube, b, is pushed in till the discs are 3 inches apart, 
we have 

■ t,.v = 48 X 3 in. = 144 in. = 12 feet radius, 

the scale marked on the tube, b, giving the intermediate radii. To 
make the instrument describe curves from 24 to 1 (t. 6 in. radius, 
4 discs are required, fitting on the end of tube, b, of the following 
sizes: 

3f^ in. describes from 24 to 12 feet radius. 

3J M w >i 12 „ 6 „ „ 

•'fl II II II 6 II •* II II 

3f II II II 8 11 Iff ,1 „ 

The curve is easily traced by holding either drawing pen or pen- 
oil to the disc, c, as shown in the figure. 

Of this class of drawing instruments, there now remains to be 
described the proportional dividers. This instrument is repre- 
sented, in front and side elevation, in figs. 31 and 32. Its use is to 
increase or reduce measurements to a scale different from that of the 
original drawing, of which a copy is being mode ; and a great deal 
of time may be saved by employing it, whilst there is much less risk 
of making mistakes with it, than when the draughtsman, in reduc- 
ing a measurement, has first to take the distance, on the original 
drawing, in his common <!Kviders, and by applying it to the scale 
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of that dnwing, ascertain how much it is arithmetically; and then 

to find the corresponding distance 
on the reduced scale, which he 
has again to take in his dividers, 
so as to apply it to the copy in 
hand. With the proportional 
dividers, on the other hand, the 
action of taking the measurement 
on the original drawing, at one 
end of the instrument, adjusts its 
other end to the measurement, as 
increased or reduced to the scale 
of the copy. The instrument con- 
sists of a couple of elongated slot- 
ted hrass plates, connected by an 
adjustable point, j, and provided 
with steel points at both extremi- 
ities of each plate. It will be 
obvious that, if the joint, J, is 
adjusted exactly in the centre be- 
tween the extreme points, on 
opening the dividers, the distances 
between the points, at each end, 
will be equal ; but if the joint, j, 
is adjusted, as in the figure, so 
that the length of the legs on one 
side is only half that on the other, 
then the distance between the 
points at one end will be half that 
between the points at the other 
end. In the same manner, by 
shifting the joint, J, still nearer 
one side of the instrument, a still 
less distance will be measured by 
one end, as compared with the 
other ; but the measurements will 
always bear the same proportion 
to each other as that which is, for 
the time being, between the por- 
tions of the instrument on each 
side of the joint, J. To enable 
the draughtsman to set the instru- 
ment to any desu^d proportion, 
the sides of the slot are graduated, 
and a projection on the joint has 
an index-line cut upon it, which is 
to be placed opposite the number 
corresponding to the desired pro- 
portion, in adjusting the instru- 
ment. When being adjusted the 
points 0/ the instrument should 
actually coincide; and to secure 
this, a pin is fixed in one of the 
plates or legs, and a notch is cut 
in the other to receive it. The 
instrument is made to answer 
various purposes, in addition to 
that of reducing drawings. Thus, 
the joint may be so set, that when 
one end ia applied to the radius of a circle, the other end will give 




the side of an inscribed polygon. One of the sides of the instru- 
ment is usually graduated for this purpose, and there are also divi- 
sions for finding the proportions between simlar plane figures, and 
for finding the proportions between cubes or spheres. The pro- 
portional dividers require to be very accurately made, and great 
care must be taken of them ; for if the points become injured or 
bent, or if the joint gets loose, the instrument will be rendered 
useless. 

When the points of ordinary proportional compasses toe broken 
or bent, the instrument is rendered perfectly use- p. 3,^ ^ ^ 
less, as its accuracy depends upon the length and 
position of the points. To remedy this evil, TAi. 
Joseph Roberts, of Hyde, near Manchester, has 
conceived the idea of rendering the points a4iTist- 
able in such a manner that they may be accurately 
re-set by means of a gauge when broken or injured. 
The improved instrument is represented in edge 
view in Qg, 33, whilst the gauge for the length is 
represented in fig. 34. The ends of the compass 
legs are made with small sockets, a, into which 
needles are fitted in angular positions, these needles 
being held in their sockets when adjusted, by small 
pinching screws. The gauge, ^g. 34, is a straight 
piece of metal with its two ends bent at right 
angles, and with a mark at b, which corresponds 
with the index mark on the sliding piece, c, of the 
compasses, when this is set for giving an equal 
opening at both ends of the instrument When 
the needle points are broken or inaccurately placed, 
the compasses must be applied to the gauge, the 
slider being first set to correspond with the mark, 
B, and the needles can then be lifted ont or in, so 
as to bring their points to the proper positions coin- 
cident with the ends of the gauge. The inclina- 
tion given to the needle sockets is such, that the 
points of each pair of needles only touch when the 
needles are accurately adjusted; and if the sockets 
are carefully made and their inclination aocuiately 
determined, and the needles perfectly straight, no 
gauge will be required, as all that will be necessary when the points 
are injured, will be to take new needles and to set them in the 
sockets, so that the individual points of each pair will just touch 
each other. The gauge, however, insures extreme accuracy. 

Another arrangement of the proportional compasses is shown in 
fig. 35. In this modification the adjustment of the width between 

the points is ob- 
'*«" **• tained by bend- 

ing the com- 
passes to a figure 
more or less ap- 
proaching a right 
angle. The in- 
strument consists 
of' the l^B, a 
and b, whidi are 
jointed like a pair 
of ordinary com- 
passes, so that 
the legs move in 
a lateral direction. The legs, a and h, are connected at e, f, ^t)^ 
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Fig. 87. 



the legs, c and rf, the joints, ^ and /, being at right angles to the 

Fig. 86. J^^*^* ^^ *^® ^®^» ^ *^^ ^' With this arrange- 

ment of the parts, the points, c and c/, are 
brought nearer together, as the legd, a and 6, 
are bent upwards on the joints, e and /, and so 
caused to approach more or less the vertical 
position. 

The triangular compasses which is represent- 
ed in the subjoined illustration, fig. 36, is a 
very useful instrument in setting out and copy- 
ing drawings. The figure is drawn one half 
the real size; it consists of an ordinary pair of 
compasses, to one face of the joint of which is 
jointed the third leg, which thus stands mid- 
way between the others when the legs are 
distended. With this arrangement any three 
points from a drawing may be transferred to 
the copy, and two of the points being again 
placed on two of the points on the drawing, a 
third point may be taken, and in like manner 
transferred to the copy that is being made. 
Numerous instances occur in which this instru- 
ment is of the greatest assistance to the 
draughtsman. 

In copying drawings, where time is a matter of more considera- 
tion than the preservation of the original drawing, a great deal of 
labour may be saved by laying the original upon the 
paper for the copy and pricking the principal points 
through the former. A convenient instrument for this 
purpose is represented in partial section, in fig. 37 ; it 
consists of a needle point, held by a screw, e, in a brass 
socket, with an ivory handle. The socket is made to 
take off by unscrewing, and uncovers a small screw- 
driver, which will serve to turn the screw, c, or any of 
the smaller screws in the other instruments. 

We shall, in its appropriate place in this volume, treat 
of the mode of drawing ovals, ellipses, parabolas, and 
volutes, but we shall here describe the several instruments 
by means of which these figures may be produced with 
ease and rapidity. Fig. 38 is an elevation, and fig. 39 
a corresponding plan of an instrument for drawing the 
ove or egg shaped figure. 

The pencil, a, is placed in an adjustable holder, capa- 
ble of sliding along the connecting-rod, b, one end of 
which is jointed at c, to a slider on the horizontal bar, d, 
set on two standards, which rest on the paper, whilst the 
opposite end is similarly jointed to the crank arm, e, 
revolving on the fixed centre, f, on the bar, d. By alter- 
ing the length of the crank, and the position of the pencil 
on the connecting-rod, the shape and size of the ove may be varied 
as required. 

Numerous instruments have been contrived for the regular oval 
or ellipse, one of the simplest of these is the " trammel.** In figs. 
40 and 41 we give an elevation and plan of a trammel of an im- 
proved form, in which the practical defects are much lessened, but 
the contrivances by which this approximate perfectiqn is attained 
are of such a nature as to require more than ordinary excellence and 
accuracy of workmanship in the construction. The trammel consists 
of a metal bar, b, on which are fitted three sliding sockets, which 
can be adjusted at any points on the bar. Two of these sockets 



carry centre legs, p, o, and the third carries a pen, or pencil, s. In 
addition to these details, a guide-plate, q, is required, having a 
couple of grooves cut in its upper face, at right angles to each other. 

Fig. 88. 
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Fig. 39. 

This guide-plate has two short pin points, on the under side, to 
prevent it from slipping on the paper upon which it is placed. In 
ordinary instruments the legs, o and p, terminate in simple points, 
which are respectively caused to traverse the grooves in the guide- 
plate, Q, in describing the ellipse. It is, however, found to be 
almost impossible to obtain a smooth action with this arrangement, 
as the pressure on the points, being oblique to their line of move- 
ment along the guide-grooves, the friction is apt to be irregular. 

Fig. 40. 




Fig. 41. 

and so cause a varying motion of the pen or pencil point, and pro-, 
duce an uneven outline. In the instrument represented in figs. 40 
and 41 the parts which traverse the guide-grooves in the plate, q^ 
consist of small steel wheels, o, />, carried in the forked ends oT 
steel spindles, which are entered loosely into the socket legs, 
o, p. Thus, whilst the wheels considerably alleviate the friction 
arising in traversing the grooves, they always maintain their posi- 
tion with regard to the grooves, whatever be the position of the bar, 
B, and pen, s. In adjusting the instrument, it is simply necessary 
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to set the pen and centre legs, so that the dintance of the two latter 
from the fonner shall correspond respectively with the semi-trans- 
verse and semi-conjugate axes of the ellipse to be described. With 
the instrument represented in the engravings it will not be possible 
to describe any ellipse which does not lie wholly outside the guide- 
plate, Q ; and where smaller ellipses are required, a smaller guide- 
plate must be used. 

A superior instrument for drawing ellipses is that invented by 
Mr. Webb, and represented in elevation in ^g, 42 and in plan in 
fig. 43. It consists of a lozenge-shaped table, a, of thin metal, 
supported upon four pointed legs, a'. Two parallel guides, b, are 

fixed across the top 
of the table, a, and 
a disc, 0, is fitted 
between them, in 
such a manner as to 
be just capable of 
turning and sliding 
between the guides, 
B. The disc has a 
slot at one side ex- 
tending from the 
centre to the circum- 
ference, and in this 
is fixed, at any point, 
by a screw, d, a spin- 
dle, s, passing down 
through the table, a, 
below which it has 
fixed to it a slight 
frame, p, carrying a 
screw spindle, o. 
This screw serves to 
adjust the pen, or 
The spindle, e, works 




Fig. 43. 



pencil, H, back or forward, on the frame, r, 
in a slot, i, in the table, a, which slot is at right angles to the disc 
guides, B. The instrument is caused to operate by turning the 
spindle, E, by means of the button, d, which action turns the 
carrier frame, F, and also the disc, b. It follows, that if the 
spindle, b, were fixed in the centre of the disc, b, the point of the 
pen would describe a circle. If, however, the spindle, b, is fixed 
eccentrically in the disc, the rotation of the latter, between its guides, 
B, will cause the spindle to traverse the slot, i, in the table, a, in 
such a manner that the point of the pen will describe a perfect 
ellipse. In adjusting the instrument, two lines are drawn on the 
paper at right angles to each other, and the points of the legs, a\ 
are placed upon these lines, when the slot, i, will be imme<^ately 
above one of them, which will answer for the transverse axis of the 
ellipse, whilst the other one will be inunediately below a line mid- 
way between the two guides, b, and will serve for the conjugate 
axis. The disc, b, is then set with its slot at right angles to the 
slot, I, in the table, a, and the semi-conjugate axis being marked 
upon the paper beneath, the point of the pen, h, is adjusted to it by 
turning the screw, a. The disc, b, is then turned a quarter round, 
so that its slot may coincide with the slot, i, and the screw, d, 
being loosened, the spindle, e, is moved back or forward along the 
the disc slot, until the point of the pen, h, coincides with the end of 
the transverse axis of the ellipse. When so adjusted, the nut, d, is 
screwed down to fix the spindle, e, to the disc, b, and the ellipse 
may then be described. The legs, a.\ of the table are formed with 



telescopic socket joints, inside which very delicate springs are 
placed, of just sufficient strength to lift the pen's point off the 
paper, when not describing an ellipse, whilst a slight pressure 
of the hand, holding the table, a, during the drawing action, will 
overcome the resistance of the springs, and allow the pen, or pencil, 
to touch the paper. The legs, a, may be formed with a screw 
socket joint in addition, so that they may be accurately adjusted as 
to length, in order to preserve the table, a, perfectly level. 

Fig. 44 represents an elevation of an ingeniously contrived 
instrument for drawing eUipees within a given range. It is shown 
as in working order, 
with a pen for draw- 
ing ellipses in ink. It 
consists of a rectangu- 
lar base plate, a, hav- 
ing sharp countersunk 
points on its lower sur- 
face, to hold the instru- 
ment steady, and cut 
out to leave a sufficient 
area of the paper un- 
covered for the traverse 
of the pen. It is ad- 
justed in position by 
four index lines, setting 
out the transverse and 
conjugate axes of the 
intended ellipse — these 
lines being cut on the 
inner edges of the base. 
Near one end of the 
latter, a vertical pillar, 
B, is screwed down, for 

the purpose of carrying the traversing slide-arm, c, adjustable at 
any height, by a milled head, D, the spindle of which carries a 
pinion in gear with a rack on the outside of the pillar. The outer 
end of the arm, c, terminates in a ring, with a universal joint, 1^ 
through which the pen or pencil holder, F, is passed. The pillar, 
B, also carries at its upper end a fixed arm, G, formed as an ellip- 
tical guide frame, being accurately cut out to an elliptical figure, as 
the nucleus of all the varieties of ellipse to be drawn. The centre 
of this ellipse is, of course, set directly over the centre of the 
imiversal joint, E, and the pen-holder is passed through the guide 
and through the joint, the flat-sided sliding-piece, H, being kept in 
contact with the guide, in traversing the pen over the paper. The 
pen thus turns upon its joint, E, as a centre, and is always held in 
its proper line of motion by the action of the slider, H. The dis- 
tance between the guide ellipse and the universal joint determines 
the size of the ellipse, which, in the instrument here delineated, 
ranges from 2} inches by If, to -^ by J inch. 

A kindred arrangement of an elliptograph, the invention of Mr. 
P. B. Eassie, whose curve delineator we have described in a former 
page, is represented in perspective elevation in fig. 45. The instru- 
ment consists of a column, a, supported dh two diverging feet, b, 
the points of which serve for setting the instrument by ; and there 
is also a point at the foot of the column for the same purpose. On 
the column is fitted, by means of a socket, an arm, c, into the end 
of which is fitted a ball-and-socket joint for the pen or pencil-holder, 
D. A second arm, E, is fixed at the top of the column, A ; and the 
outer end of this arm is forked, and supports a droular ring, F, 
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which can be set at any inclination by means of a screw, o. The 
pen or pencil-holder, d, passes through the guide ring, P; and being 
kept in contact with it whilst being rotated, is made to describe an 
ellipse on the surface beneath, in consequence of the obliquity of 
the guide ring. An index may be jointed to the arm, E, so that 
the guide ring may thereby be set to any required angle, the index 
being turned out of the way after the ring is set. The arm, c, is 
made to shift up and down the column by means of a pinion work- 
ing in a rack on the colunm, the pinion being turned by means of 

an external button. By shifting 
the arm, c, the size of the ellipse 
may be varied at pleasure ; whilst 
the relative proportions of its axes 
depending on the inclination of 
the guide ring, f, may be varied 
by setting this ring accordingly. 

Fig. 46 is a plan of a simply 
arranged instrument for drawing 
ellipses. It consists of a divided 
ruler, having fitted thereto the 
adjustable sockets, A, b, and c, 
which are each fixed in the re- 
quired position by means of a 
pinching screw. The sockets, A 
and c, are furnished with small 
rollers of say one inch in dia- 
meter; these rollers are flat at 
the bottom, and turn freely on 
th«ir axes. The centres of these rollers are in a straight line with 
the point of the pen or pencil which is carried in the socket, b. 
The pen or pencil is adjusted so that the distance between A, b, is 
equal to half the major axis of the required ellipse; whilst the 
distance between B and c, is made equal to half the minor axis of 
the ellipse to be described. If, now, the rollers, a and c, are kept 
in contact with the edges of the square, d, and moved in the direc- 
tion of the lines, a, 6, e, the pen or pencil will describe the quad- 
Fig. 46. 





rant of the ellipse, a, c. The ordinary beam compasses may readily 
be fitted with this arrangement for delineating elliptical curves. 

A convenient instrument for describing ellipses of small eccen- 
tricity, or which differ very little from circles, is the elliptical 
compasses, consisting of two round legs, jointed together like ordi- 



nary compasses, upon one of which a pencil-holder is fitted with a 
tubular socket, so as to move logitudi Daily and circularly upon the 
leg. The pencil-holder is jointed, so that the pencil point may be 
adjusted at any distance from the leg. In using the instrument, 
the point of the leg carrying the pencil holder is placed in the centre 
of the ellipse, and the leg is inclined in the direction of the transveri>o 
axis, by stretching out the other leg along the prolongation of the 
axis. The legs are held steady by one hand, and the pencil is 
carried round with the other, being kept in contact with the paper, 
by causing it to move up and down the leg as well as to rotate. In 
order that the ellipse may be drawn accurately in any desired posi- 
tion, it is necessary that the leg carrying the pencil-holder shouM 
be held perpendicular to the conjugate axis. To secure this, one 
of the legs should have a point branching out on one, or on both 
sides of the point, which is placed on the transverse axis, and the 
additional point, or points, should be in such a position as, when 
touching the paper, to keep the legs of the compasses in the per- 
pendicular position alluded to. It is for want of this important 
addition that elliptical compasses have hitherto been found to be 
fallacious, and, in fact, useless. The instrument is not applicable 
to very oblong ellipses, because the inclination of the pencil becomes 
too great for the production of a clean line. 

A useful modification of the elliptical compasses is shown in the 
elevation, fig. 47. It consists of a pair of triangular compasses, to 
one leg of which the pencil-holder is adapted. In using the instru- 
ment, a line, a, b, passing through the major axis of the ellipse to 
be described, is laid down ; parallel to this, the line, c, d, is drawn 
to mark the centre of the ellipse. The line, a, b, is prolonged, and 

Pig. 47. 




a second line, e, p, is drawn parallel to c, D. The point of the mid- 
leg of the compasses, is placed on the intersection of the lines, a, b, 
c, D, whilst the points of the legs, h, are placed equidistant from 
the intersection of the line, A, B, with the line, e, f. To the leg, o, 
is jointed the pencil-holder, i, and the movement of the marking- 
point round the leg, G, as well as up and down it, produces the 
required figure. 

An instrument adapted for drawing ellipses, cylindrical curves, 
spirals, as well as reducing and enlarging drawings, is represented 
in fig. 48. This instrument is the invention of Dr. W. W. Wy thes, 
of Philadelphia, and is named by him the cyclo-ellipto pentagrapL 
It consists of a beam of wood, a, about 14 inches in length, upon 
which is a brass frame, c, which slides along its whole length, and 
carries a point for the centre, supported by a couple of anti-friction 
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rollers, which serve to steady the instrument. Another sliding 
frame, D, carries a pulley, F, upon the axis of which the sliding 

Fig. 48. 




pencil arm, e, is attached. On one end of the beam is an axis upon 
which a disc of brass, b, with a milled edge, is made to revolve by the 
friction of the paper upon which the drawing is to be made. Upon 
the face of the disc is a bevelled wheel, which gears with another 
wheel, G, upon the beam, and gives motion to a pulley placed upon 
its shaft. An endless chain passes over the pulleys, Q, H, and b, 
which is adjusted by means of the screw, at the end of the bar a, 
at the end of the beam. The leg, at the extremity of the bar, is 
only used when the instrument is arranged as a pentagraph. 

It will be perceived that when the instrument is placed upon the 
drawing-board, the paper takes the place of a wheel, upon which the 
disc, B, rotates, and which may be of any radius, by sliding the 
centre frame nearer to, or farther from, the disc. Thus, the ratio 
of the velocity of the disc may be regulated by the graduation upon 
the beam — the first division upon the scale being equal to the radius 
of the disc — the second, twice the radius, etc. Now, if the centre 
be placed at the first division, and the beam be made to revolve, 
the pencil will make one revolution upon the axis, b, while the 
beam makes one upon the centre ; if, at the second division, it will 
make two revolutions to one of the ^am, and so on. The pencil may 
be made to move in the same direction as the disc, b, or otherwise, 
by placing the chain against the outer or inner edge of the pulley, b. 

For the sake of clearer illustration, let us suppose the arm carrying 
the pencil to be the radius of a circle rolling upon the circumference 
of another circle which is fixed, and let us call the rolling circle 
the generating circle, the pencil point the generatrix, and the fixed 
circle the directrix. We will also call the distance betweeen the 
centre point and the disc, b, the radius of the fundamental circle. 
When the chain passes over the outer edge of the pulley, b, the 
generating circle is supposed to roll on the convex surface of the 
directrix, and when it presses against the inner edge of the pulley, 
it rolls on the concave side. When the generating circle has rolled 
once over, so that every point shall have been in contact with the 
directrix, the portion generated is called a branch. As every 
revolution of the disc, B, generates a branch of the curve, the num- 
ber of branches will depend on the ratio between the fimdamental 
circle and the disc, and is determined by the divisions of the 
graduation on the beam. 

To construct the ellipse— the instrument is rectified by passing 
the chain over the inner edge of the pulley, E, and adjusting the 
centre to the second division of the scale. Then make the radius 
of the generating circle, t.e., the pencil arm, equal to one-half the 
difference between the semi-axis of the ellipse required, and the 
instrument is adjusted. 

To construct the epicycloid curves, &c. — ^Pass the chain over the 
outer edge of the pulley, e, and set the centre to the number on 
the^scale corresponding with the number of branches required; 
then make the radius of the generating circle in the same ratio with 
the directrix as the number to which the centre is set, and the 



instrument will describe the proper epicycloid. If the chain is 
reversed upon the pulley, the curve generated will be the 
hypocycloid. When the pencil is without the proper circumference 
of the generating circle, the curve described wiU be the epitrodoid. 
These curves may be compounded and varied almost infinitely, and 
will supply a number of new and beautiful forms to the architect 
and designer. 

If the circumference of the disc, b, be an aliquot part of that of the 
fundamental circle, there will be a finite number of branches — but 
f the ratio of the circumferences cannot be expressed in exact parts 
of one, the nmnber of branches is infinite. These curves are pro- 
duced by a continuous revolution of the beam, setting the centre 
at a distance from the disc that is not divisible by its radius. 
Among the various uses of the epicycloid curve, we may instance 
the construction of the teeth of spur-wheels, which is greatly facili- 
tated by the instrument. 

To draw the spiral, the pulley, b, is fastened by means of a small 
pin, and the frame, d, is imclamped ; then as the beam revolves, the 
frame will be carried forward uniformly from the pole, the distance 
between the spires being regulated by the position of the centre as 
in the other curves. 

To use the instrument as a pentagraph, the handle is to be 
unscrewed, and the disc, b, removed. The end leg is to be attached 
to the other extremity of the beam, and the tracing point and pencil 
placed in the respective sockets on the under sides of the beam, a. 
The chain is then to be loosened, and the pulleys clamped by pins 
prepared for the purpose, in order to preserve the parallelism of 
the arms. The chain is then made tense — the pins removed, and 
then having adjusted the centre upon the scale, according to the 
size of the copy required, a right line is to be drawn upon the paper, 
and the tracing point, centre, and pencil, made to coincide with it, 
and the instrument is adjusted. As a pentagraph, the instrument 
has fewer centres of motion than those ordinarily made, andean be 
used upon a smaller drawing-board, having but one castor. 

We shall in its proper place describe the arrangement and mode 
of using the ordinary pentagraph, and other modifications of the 
instrument, of which this is an example. 

Closely allied with the instruments for producing elliptical 
figures, are those used for drawing volutes. The accompanying 
engraving, ^g, 49, represents an elevation of one of the most 
practical of this class, it is the invention of Mr. T. E. Merritt, of 
Rochester. 

This instrument consists of a heavy base. A, which is formed with 
an overhanging arm terminating in a vertical standard, c. To the 

Fig. 49. 




outer part of the horizontal arm, of the base, a, is fixed a wheel, b, 
which is faced with India-rubber. Through this wheel, and the 
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overhanging part of the standard, c, the spindle, D, passes, the 
upper part having fitted to it the handle, e, which is fixed on by 
the set screw, f. To the lower end of the spindle, d, is soldered a 
short tubular piece of brass, g, the backward part of which is pro- 
longed, and forms a slotted guide, h. The tubular bar, o, is fitted 
with a tube, i, one end of which has a small jaw to receive the 
wheel, K. This wheel is set in the desired position by a set screw, 
and the centre of the wheel is tapped, so that it forms a running 
nut, in which the screw, l, works. The screw, l, is fast at one 
extremity to the guide block, which works to and fro in the slot of 
the part, h. The lower portion of this guide block extends forward, 
and curies at its front extremity the pencil, m. When the handle, 
E, is turned, the wheel, k, revolves by its friction against the disc, 
B, thereby causing the screw, L, to move outwards, and carry the 
pencil away from the centre toward the circumference of the volute 
to be drawn. The space between the spiral line thus produced 
depends on the adjustment of the wheel, k, the nearer it is to the 
centre of the disc, b, the narrower will be the space, and vice rer«a, 
whilst the size of the volute depends on the diameter of the disc, b. 
In drawing sweeps and irregularly curved lines the draughtsman 
is greatly assisted, and much time is saved by the use of Curves. 
These are formed of thin pieces of pear tree, similar to the set 
squares ; in fig. 49 is shown an example of three of the most useful 
forms. The figures of these curves are greatly varied, each being 

Pig. 60. 





made to combine several curves, so as to enable the draughtsman, 
by using one part or the other, to produce the line he requires at 
once. The curve is laid down upon the drawing, and arranged so 
that its edge corresponds to the direction or curvature of the required 
line, which is put in by guiding the drawing pen along the edge. 
The young draughtsman will find the examples we have shown in 
^g. 49, as useful as any he can select, and all that he is likely to 
require. Curves are also made in sets which are specially designed 
for the use of naval architects and marine draughtsmen, to assist 
them in producing the curved lines required in drawing the hulls of 
ships. These curves may be readily obtained, if required, from the 
dealers in mathematical instruments. 

Before quitting the subject of delineating curved lines by means 
of instruments, wo may appropriately refer to one or two useful 
assistants to the draughtsman for measuring the lengths of curved 
or irregular lines upon plans or maps. 

It is often necessary, particularly in topographical drawings, to 
make an estimate of the measurement of a series of curved undu- 
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lating, or irregular lines, as the circumference of a field, or the 
outline of any other irregularly -shaped area ; for which purpose an 
" Opisometer," or circumfer- 
ence measurer, is used. This 
instrument is represented in 
separate elevations, taken at 
right angles to each other, in 
figs. 51 and 52. It consists of 
a short screw spindle, fixed in 
a bracket frame, and attached 
to an ivory handle. Working 
upon the screw spindle, like a 
nut, is a small disc, with a 
tapered and finely-milled edge. 
This disc is made to roll along 
the line to be measured, and, 
iu doing so, it necessarily 
traverses along the screw from 
end to end. When the end of 
the line is reached, the instru- 
ment is traversed along a 
graduated rectilinear scale in 
the reverse direction to that in 
which it was passed over the 
line to be measured. This 
movement brings back the 
disc to the end of the screw 
from which it started; and 
when this point is reached, the 
distance traversed on the scale 
is obviously equal to the 
length of the original line. 
Care must be taken to keep 
the handle of the instrument 
in a vertical position, and to 
assist in this one of the 

bracket arms is formed with a pin, projecting down almost to the 
level of the bottom of the disc. It is also necessary that the disc 
should roll with a uniform pressure. This instrument may be used 
for measuring curved surfaces as well as curved lines. 

Fig. 53 shows the position of the hand and of the instrument 
when measuring lines from a map. 

Pig. 53. 








The accuracy of the result given by the opisometer is unaffected 
by the dimensions of the instrument itself, and depends entirely on 
the care with which it is used. The chief point is to see that the 
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handle of the instrnment is perpendicular to the snrfaoe at the 
beginning and end of each step of the measurement. 

Several very ingenious instruments have been invented for a pur- 
pose similar to that for which the opisometer is used, but presenting 
more serious difficulties. The usual method of discovering the area 
of a figure drawn on a plan, is to divide it in a number of triangles 
or trapeziums — ^to measure the base and altitude of each, and take 
the sum of their products. By a careful process of 
this kind, the area may be discovered with great 
accuracy ; but as it is necessary to revise the calcula- 
tions several times, both for the purpose of obviating 
faults in the arithmetical part of the work, and in 
order, by taking the average of a few independent 
measurements, to increase the probable accuracy 
of the result, this method of calculation, especially 
when the figure is irregular, entails a considerable annMint of 
labour of an irksome kind. Attempts have been made to avotd 
this by cutting the figure from the sheet of paper, and weighing it 
in a delicate balance against weights consisting of parts of the same 
paper, of determinate sizes ; but this method — ^at first sight simple 
and practical — is rendered of little use by the impossibility of ob. 
taining paper of uniform thickness throughout the sheet, the varia- 
tion of thickness — and hence of weight — ^being greater than the 
amount of error that could be allowed in the results. 

Several " planiraeters," or instruments for mechanically measur- 
ing the area of plane surfaces, were exhibited in the Great Exhibi- 
tion of 1851, and are noticed in Mr. Glaisher*s admirable report on 
Class X., "Philosophical instruments, and processes depending 
upon their use." All, or nearly all of these, aimed at the solution 
of the problem by integrating the differential expression of a curve, 
traced on a plane surface, being conceived on the old, and now 
almost forgotten, view of the differential calculus, which regarded 
the differential of a magnitude as a measure of the velocity of its 
increase at any instant. Suppose a straight line to be carried, with 
a uniform motion, along the base line or abscissa, of any curvilinear 
area, remaining always parallel to itself, and perpendicular to the 
base line, and that, during this motion, a moveable point in the 
line, so carried, is always kept on the circumference or boundary 
line of the area. Then it is clear, that the velocity of increase of 
the area will be proportional to, and therefore measured by, the 
length of the ordinate, or portion of the moveable line included 
between the base line and the describing point. Again, a disc or 
wheel can be supposed to revolve with an angular velocity always 
proportionate to the same ordinate : in which case the total angle 
of revolution described by it will increase by similar increments 
with the curvilinear area, and will, consequently, always be pro- 
portionate to, and a measure of, that area. The area may therefore 
be read off, upon its circumference, by any method which keeps 
account of the number of revolutions made by this wheel, which 
may be called the integrating wheel, disc, or roller. If the circum- 
ferences of two circles be connected by teeth, or by simple contact, 
so as to work together, their angular velocities will be inversely as 
their radii ; so that, if the radius of one of them be constant, the 
angular velocity of that one will be directly as the radius of the 
other. Thus, any mechanical arrangement securing the condition 
that a roller, or disc, shall be carried round on its centre, by con- 
tact with a uniformly revolving circle of a radius always equal to 
the length of the variable ordinate, will at once be a solution of the 
problem. The condition alluded to may be obtained by employing 
a couple of discs at right angjes to each other, or by using a cone 



and a disc, with their axes parallel to each other. The former 
construction is adopted in one or two instruments, invented by 
continental mathematicians, the latter by Mr. Sang, of Kirkcaldy. 

Mr. Sang's instrument, which is represented in perspective in 
fig. 54, indicates the area of any figure, however irregular, on 
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merely carrying the point of a tracer round its boundary ; and, 
besides the advantage of not injuring the drawing, it possesses that 
of speed and accuracy. A frame, a, carries an axle, which has on 
it two rollers, b, of equal size, and a cone, c. It is heavy, so that 
it maintains its parallelism on being pushed along the paper. The 
sides of the frame are parallel to the edge of the cone, and are fitted 
to receive the circumference of four friction rollers, b, which move 
along A, and carry a light frame, F, terminating on the tracing 
point, p, to which the handle, h, is attached by a universal joint. 
The frame, p, also carries a wheel, i, which, by means of a weight, 
is pressed on the surface of the cone, and receives motion from it 
as the tracer is carried along the paper. The index- wheel, i, only 
touches the cone by a narrow edge, the rest of its circumference 
being of smaller diameter, and containing a silver ring divided into 
200 parts, which are again sub-divided by a vernier into 2,000 
parts. The value of each of these divisions is the -riir*^ P^ ^^ * 
square inch ; so that one turn of the wheel represents 20 inches. 
Another index-wheel, t, moved by i, is divided into five parts, 
each of which represents 20 inches, so that a complete revolution 
of T values 100 inches. The eye-glass, s, assists in reading the 
divisions and vernier. 

It is apparent, from the constntction of this instrument, that if 
the tracer bo moved forward, it will cause the index to revolve, not 
simply in proportion to that motion, but in proportion to the 
motion of the tracer, multiplied by the distance of the edge of the 
index-wheel, from the apex of the cone; and that the revolving 
motion of the index will be positive or negative, according as the 
tracer is carried backwards or forwards. Hence, if the tracer be 
carried completely round the outline of any figure— on arriving at 
the end of its journey, the index-wheel will show the algebraic sum 
of the breadth of the figure at every point, multiplied by the incre- 
ment of the distance of the points from the apex of the cone ; that 
is to say, the area of the figure. 

This instrument possesses great simplicity of construction. Both 
factors of the continuous multiplication are directly transmitted 
from the motion of the tracing point in the simplest manner. The 
influence of the elasticity of the parts of the machine on the 
accuracy of its indications, may be discovered by moving the 
tracer a second time over the boundary of the figure, after having 
turned the whole instrument round 180^. The effects of the 
imperfections in the mechanism will now have changed signs, and 
one of the results will probably be found to be a little too large, 
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and the other a little too small. The average between the two is 
the exact area of the figure, and is more to be depended on than 
the results of measurements made by scale and calculation in the 
usual way. A careful operator, in using the planimeter, will always 
take the average of two tracings in this manner ; but when he 
experiences the rapidity with which this may be done, he will find 
the trouble as nothing in comparison with the harassing labour of 
calculating by scale and multiplicatioiL 

The accompanying figure (fig. 55) is an elevation of Amsler's 
planimeter. This singularly beautiful instrument is the invention 

Fig. 55. 




of Professor Amsler, of Schaffhausen, by means of which the area 
of any portion of a map, or plan, drawn to scale, is readily and 
accurately measured, however irregular the boundaries may be. 

This planimeter4 when ready for use as in the annexed figure, rests 
upon three points, D, b, p ; these are respectively, Ist, a point of 
the circumference of the divided wheel, V ; 2ndly, a point of the 
tracer F, at the end of the arm, A ; 3rdly, a point, e, at the end of 
the other arm, b, which is kept fixed during the time of operation. 
To calculate contents, or areas, in square inches, set the slide, a, to 
10 in., as shown, which means that the result multiplied by 10, 
gives the content, or area, in square inches. To obtain this result, 
place the point, e, at a convenient distance from the figure to be 
measured, so that the tracer, f, may traverse the entire periphery 
of the figure. But if the figure is too large to allow this, it can be 
subdivided by drawing straight lines through it, and the contents, 
or areas, of the several parts computed separately, and added 
together. Then place the point of the tracer on any convenient 
starting point in the periphery. When the instrument is thus 



adjusted, read off the division on the horizontal disc, o ; also that 
on the perpendicular wheel and vernier, h. Suppose that the hori- 
zontal disc gives 3, and the vertical wheel gives 905, namely 90 on 
the wheel and 5 on the vernier ; this reading must be put down 
thus, 3*905. Then carry the tracing point round the figure in the 
direction of the hands of a watch ; and when the whole circuit has 
been made, observe the readings again. Suppose them 5*763 ; then 
subtract the former reading from the latter; the result will be 1 858; 
multiply this by 10, and you will get the content of the figure in 
square inches, namely 18*58 square inches. Notice must be taken 
whether the disc, o, has made an entire circuit ; if so, 10 must be 
added, for every revolution, to the whole number. K the disc, in 
the above case, had gone once round, the second reading would 
have been 15*763. If twice round, 25*763 ; and so on. If the 
result is required in acres, multiply the above result by the number 
of acres in the square inch, according to the scale used in drawing 
the plan. 

The other divisions on the arm, a, may be easily applied to any 
scale, by finding the result of one square acre or chain, and using 
that number as the coefficient to give the content of the surface 
required. 

Fig. 56 is a modification of Prof. Amsler's planimeter, showing 
the form in which the instrument was first exhibited at the Society 

Fig. 56. 




of Arts, London, 
described. 



Its action is similar to that we have just 
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DRAWING INSTRUMENTS CONTINUED. 



Accompanying every case of drawing instruments are one or more 
scales, made either of ivory or boxwood. Scales are indispensable 
for measuring straight lines, and laying down distances, the several 
vertical divisions on the scale corresponding to the foot, yard, or 
chain. On the ordinary simply divided scale there are usually six 
scales, produced by dividing the surface of the scale into six equal 
divisions extending longitudinally. Each of these divisions is 
divided by vertical lines into equal parts, the upper scale being the 
smaller, and increasing in proportion to the lowest of the series. 
The first division to the left hand of the scale is divided into ten 
equal parts ; and if thirty of these parts are equal to one inch, it is 
called a scale of thirty. The six scales are generally divided into 
scales of 30, 35, 40, 45, 50, and 60. 

The mode of constructing plain and diagonal scales, and their 



practical applications in drawing, will be described in a subsequent 
chapter, when referring to figs. 13, 14, and 15, on plate 1. 

The parallel-ruler, which is shown in fig. 57, consists of two flat- 
Fig. 57. 




rulers, similar and equal in all respects, which are so connected 
together by means of two equal link pieces of brass, working loosely 
round fixed pins in the rulers, that, when the rulers are separated, 
both their outer and inner edges are parallel to each other. 
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It 18 requisite, not only that one link should be equal to the other, 
but also that the distance between the pins in one ruler be equal to 
the distance between the pins in the other. In which case the lines 
joining the points always form a parallelogram ; and as these points 
are equidistant from both the outer and inner edges in each ruler, 
those edges will always be parallel. 

Hence it is plain, this instrument may be used for drawing any 
number of parallel straight lines, or for drawing one or more 
straight lines parallel to a straight line already drawn. 

Fig 58 represents another form of parallel ruler, which consists 
of a rectan^lar piece of ebony, or ivory, on the upper side of which 
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Fig. 59. 




Id using the instrument, a b is first made to coincide with one 
of the two given converging lines (not the edge of a b but the two 
marks on the ends of A b, mentioned before). The screw, l, is 
slackened, and holding A b tight, c d is brought to coincide with 



is fitted a longitudinal bar, carrying near its extremities two rollers, 
the peripheries of which project through the under side of the ruler, 
and rest upon the paper. 

This arrangement enables the user to move the ruler over the 
paper with a smooth rolling motion so that parallel lines may be 
drawn in with great rapidity and accuracy. 

In certain cases, in ])erspective drawings for instance, a great 
number of lines converging to a point not within the drawing is 
required, and it would be troublesome to repeat the construction 
over and over again. Consequently an instrument has been 
invented, something after the fashion of a parallel-ruler, to save all 
this trouble to the draughtsman. It is called the centrolinead. 

The centrolinead, fig. 59, is a ruler by which we are enabled to 
draw through any given point a straight line, which, if produced, 
will pass through the point of intersection of any two or more given 
straight lines, when the latter point is not determined. 

It consists of two flat-rulers, a b and c D, connected together by 
two bars, E F, o H, moveable round joints at E F g and H. E r is 
of a fixed length, which never varies in the same instrument, as in 
the parallel -ruler ; but g h is made up of two parts, one sliding on 
the other by means of a groove, so that o H admits of different 
lengths, and is adjusted to some particular length by a screw at L, 
which chimps the two parts of G H together, when required. G, is 
a fixed point, but the point at H is carried in a groove, and slides on 
the ruler, c d. There is also another ruler, i k, fixed as in the 
figure, with joints at i and K, so that E G k i is always a parallelo- 
gnun, as shown by the dotted lines. The centres of motion at e 

and G are equidistant from 
both edges of the ruler, ab, 
and the points where e g 
produced meets the ends of 
the ruler are marked on the 
ruler. But the centres at 
F and H are so made, that 
they are in a line with the 
edge of the ruler, c d. 



the second given line. Then the screw is clamped tight ; and while 
A b is still held in its original position, the edge of o D can be made 
to pass through any proposed point within certain limits, and all 
lines drawn along it will converge to the same point as the two 
given lines. 

For measuring angles, the instruments represented in ^g». 4 and 
5, on plate 1, are used. They are designated Protractors. The 
ordinary form of the instrument is shown in fig. 4. It consists of 
a semicircle of brass, the central part being cut out The limb, or 
semicircular band, is divided into 180 equal parts, all of which, if 
produced, pass through the centre of the circle at b. 

In fig. 5, the protractor forms a complete circle, which is divided 
into 360 degrees, or equal divisions. The practical application of 

] these instruments will be adverted to in their proper place. 
Semicircular protractors, of from two to five inches in 
diameter, may be obtained in a thin transparent composi- 
tion of gelatine. These protractors are of French manu- 
facture, and are exceedingly portable, and moderate in 
price. 
The protractor is frequently made in the form of a flat ruler, as 
shown in fig. 60. A, b, c, d, is a thin ivory ruler of a rectangular 
figure. To construct this scale, A B is bisected in o ; with centre 
0, and radius o a or o b, describe a semicircle. Divide this semi- 
circle into eighteen equal parts by lines through o, and mark the 
points of intersection of these lines with the edge of the ruler. 
This being done, it is obvious that the semicircle may be erased, 
leaving the ruler divided, as shown in the figure, so as to admit of 
its being used for drawing straight lines. 

These protractors have frequently the diagonal scale shown in 
fig. 14, plate 1, engraved on the mner portion of the ruler ; and 

Fig. 60. 




some are made with a longitudinal roller, similar to fig. 60, so that 
the instrument then forms a convenient ruler for drawing a series 
of lines parallel to each other. 

Fig. 61 represents the most approved arrangement of the circular 
protractor, as made by our leading instrument makers. 

In this form of protractor, the circle, A, is connected with its 
centre by four radial bars. The centre is left open and is sur- 
rounded by the concentric ring or collar, b, which carries the two 
diverging arms, o. To the extremity of one of these arms is fitted 
a pinion, D, which gears with the circular rack extending round the 
circumference of the instrument. The extremity of the other arm, 
c, is fitted with a vernier which divides the primary divisions on 
the protractor to single minutes, and by estimation to 30 seconds. 
Upon each arm, c, is jointed an open branch, e, which carries at its 
extremity a fine steel pricker, the point of which is kept above the 
surface of the paper by a small spring placed under it ; the spring 
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gives way when the end is pressed down upon the paper and allows 
the point to enter. The centre of the instrument is shown by the 
intersection of two lines drawn at right angles to each other on 
a piece of plate glass fitted in the ring, B, which enables the user 
to place the instrument so that its centre coincides with any point 
on the plan. In using the instrument the vernier should first be 

Fig. 61. 




set to zero, or the division marked 360 on the divided limb, and 
then placed on the paper so that the two steel points are on the 
given line, from whence the other angular lines are to be drawn. 
This done, press the protractor gently down, which will fix it in 
position, by means of the points on the under side. It is now 
ready to lay off the given angle or any number of angles required, 
which is done by turning the pinion, D, till the opposite vernier 
reads the required angle. Then press down the ends of the bran- 
ches, E, which will cause the points to make punctures in the paper 
at opposites sides of the circle. These points being afterwards 
connected, the line will pass through the given angular point, if the 
instrument was correctly adjusted at the outset. In this way at 
one setting of the instrument a great number of angles or a com- 
plete circular protractor may be laid off from the same point. 

Mr. Simpson produced an elegant duplex straight-edge pro- 
tractor, which is represented in plan in fig. 62. A graduated 
quadrant, forming an index for angles, is made in one piece with 
a parallel bar, a, which is connected at each extremity by means 
of transverse bars, B, with a similar bar, a, the space between 
the two being of such a width as to admit the straight-edge, c, 
at any part of which it can be fixed by the pinching screw, s. A 
central transverse piece, d, which is screwed to the two bars, a, 
carries a pivot, or joint stud, for the eye of a radial straight- 
edge, F, having its edges bevelled off for ruling close to the paper. 
A screw, a, and clamping plate are provided to fix the radial 
straight bar, f, at any angle. Immediately above the centre of the 
radius bar, F, and fixed to it at both ends, is a smooth rod, h, upon 
which slides the socket, L This socket carries the two straight- 
edges, J, lying in one straight line, and united together by a bridge- 
piece embracing the socket, i, and adjusted upon it by means of 
screws, so as to be capable of being kept at all times accurately at 
right angles with the radius bar, F. At a short distance from the 
centre of motion of the radius bar, f, is a segmental opening, 
graduated to 30^ on each side of the centre, or zero point, forming 
two verniers, for instruments differently divided, and for the minute 
subdivision of the graduations of the quadrant on the piece, a. By 
this apparatus, any angles may be measured and laid off by the 
quadrant, aud transferred to any point on the paper without the 



aid of any additional instrument, as the whole instrument may be 
moved to any desired point on the straight edge, c, without any 
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shift of position with reference to the meridian line or starting 
point. With additional scales on the right angle straight-edges, J, 
the instrument may be employed, as an offset scale, for plottbg 
surveys and laying down sections. 

Mr. J. M. Balfour, C.E., recently communicated to the Royal 
Scottish Society of Arts a paper on an improved form of protrac- 
tor, of which the following is an abstract : — 

All who are in the habit of protracting surveys of considerable 
extent, especially if they be marine surveys, are aware that it is 
often necessary, or at least very desirable, to prick off one or more 
protracting circles on the paper on which the work is to be laid 
down. This has been hitherto done either by means of a circular 
protractor, or by dividing a circle on the paper by means of chords, 
somewhat after the method of graduation invented by the cele- 
brated instrument-maker. Bird. These methods are, however, 
somewhat tedious, especially when the circle has to be minutely 
divided; and as they are, besides, both more or less liable to 
inaccuracy, I have been led to adopt the method of graduation 
which was invented by the late Mr. Edward Troughton, and 
applied by him to the graduation of his circular-dividing engine 
and to other important instruments. 

The instrument consists simply of a small wheel, a, fig. 63, of 
thin steel, cut into 90 sharp-edged teeth, though any other num- 
ber would answer nearly as well ; after the teech are cut, the steel 
is filed away from one side, so as to reduce the whole to a series of 
sharp points, every tenth tooth being made with a double point, 
to facilitate counting. The wheel is then hardened, and attached 
by screws to a brass disc, b, to prevent the teeth penetrating the 
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, paper too far, and the whole is mounted in a frame, c, so as to fit 
I upon a beam compass. The wheel thus mounted is simply Mr. 
I Troughton's dividing roller, adapted for working on paper, and for 

Fir. «. Fiff. B4. 




marking the divisions at the same time ; and all that is further 
necessary before using it, is to find experimentally the proper radii 
for which the distance between the points will represent degrees, 
half degrees, fifteen or ten minutes, or any other quantities which 
may be desired, and to mark the radii on the beam in a permanent 
manner. Of course the influence of temperature will here come 
into play, but if the roller be set to the radii found by trial, and 
the instrument run round ISO** or 360" on a piece of waste paper, 
any L'ttle error arisiug from a change of temperature may easily 
be corrected by the slow motion screw of the beam. I am aware 
that, as pointed out by Mr. Troughton. there will be small error? 
in intermediate quantities, though the wheel turns up 360° accu- 
rately, but these errors I have found quite inappreciable in prac- 
tice, and they are, I believe, when the wheel is well divided, much 
smaller than the errors resulting from graduating circles in the 
common way. It is also worthy of notice that these are absolute 
errors, which will not increase wiili the increase of the radius 
employed, so that the divisions may be rendered more accurate 
when required by doubling the radius of the beam, and using only 
eveiy second mark. In pricking off the divisions it is of import- 
ance that the beam be always held in one division, as, if it be more 
inclined at one time than another, the length of the radius is 
altered, and I have in consequence found it convenient to have a 
centre, n, fig. 64, made in such a manner as always to retain the 
centre point, E, of the beam in an upright position. The centre, 
D, has fine points on its under surface, to prevent it from slipping, 
and it is divided into four equal parts on the chamfered edge, to 
facilitate its being laid down correctly over any required point. 

This instrument was principally designed to facilitate the pro- 
traction of the positions of such soundings as have been fixed by 
sextant angles, by the method of intersecting circles, and I have 
found it to answer exceedingly well for the arcs of circles which 
require to be divided for this purpose. The saving of time thus 
occasioned is very considerable. 

Fig. 65 represents one side of a sector. This is a highly useful 
instrument for measuring angles, dividing lines equally and 
unequally, as well as solving questions in proportion. The 
angular functions, viz., chords, sines, tangents, &c., may be set off 
or measured to any radius whatever ; plans and drawings may be 
reduced or enlarged in any required proportion ; and, in short, 
every operation in geometrical drawing may be performed by the 
aid of thia instrument and the compasses only. 

Sectors are made of different sizes, and their length is usually 
denominated from that of the legs when shut together. Thus, a 



sector of six inches, such as is supplied in the common pocket 
cases of instruments, forms a rule of twelve inches, when opened ; 
and this circumstance is taken advantage of, by filling up the 
spaces not occupied by the sectoral lines with such lines as it is 
most important to lay down upon a greater length than the six-inch 
plain scale will admit. Among these the most usual are the 
lines of logarithmic numbers, sines, and tangents ; a scale of 12 
inches, in which each inch is divided into ten equal parts ; and 
a foot divided into ten equal primary divisions, each of which is 
subdivided into ten equal parts, so that the whole is divided into 
100 equal parts. The last-mentioned is called the decimal scale, 
and is placed on the edge of the instrument 

The sectoral lines proceed in pairs from the centre, one line of 
each pair on either leg, and are, upon one face of the instrument, a 
pair of scales of equal parts, called the line of lines, and marked L ; 
a pair of lines of chords, marked o ; a pair of lines of secants, 
marked s ; a pair of lines of polygons, marked pol. Upon the 
other face, the sectoral lines are — a pair of lines of sines marked 
s ; a pair of lines of tangents up to 45°, marked t ; and a second 
line of tangents to a lesser radius, extending from 45*^ to 75°. 

Each pair of sectoral lines, except the line of polygons, should be 
so adjusted as to make equal angles at the centre, so that the dis- 
tances from the centre to the corresponding divisions of any pair 
of linesy and the transverse distance between these divisions, may 
always form similar triangles. On many instruments, however, 
the pairs of lines of secants, and of tangents from 45° to 75°, make 
angles at the centre equal to one another, but unequal to the 
angle made by all the other pairs of lines. 

The solution of questions on the sector is said to be simple^ when 
the work is begun and ended upon the same pair of lines ; com- 
poundf when the operation is begun upon one pair of lines and 
finished upon another. 

In a compound solution the two pairs of lines used must make 
equal angles at the centre, and, consequently, in the exceptional case 
mentioned above, the lines of secants and of tangents above 45° 
cannot be used in connection with the other sectoral lines. 

When a measure is taken on any of the sectoral lines beginning 
at the centre, it is called a lateral distance ; but, when a measure 

Fig. 65. 




is taken from any point on one line to its corresponding point on 
the line of the same denomination on the other leg, it is called a 
transverse or parallel distance. 

The divisions of each sectoral line are contained within three 
parallel; lines, the innermost being the line on which the points of 
the compasses are to be placed, because this is the ouly line of the 
three which goes to the centre, and is therefore the sectoral 
line. 

The Uses of the Line of Lines. — To find a Fottrth Propor- 
tional to three given Lines, — Set off from the centre a lateral 
distance equal to the first term, and open the sector till the trans- 
verse distance at the division thus found, expressing the first term, 
is equal to the second term ; again, extend to a point whose lateral 
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distance from the centre is equal to the third term, and the transverse 
distance at this point will be the fourth term required. 

If the legs of the sector will not open far enough to make the 
lateral distance of the second term a transverse distance at the 
division expressing the first term, take any aliquot part of the second 
term, which can conveniently be made such transverse distance, and 
the transverse distance at the third term will be the same aliquot 
part of the fourth proportional required. 

A third proportional to two given lines is found by taking a 
third line equal to the second, and finding the fourth proportional 
to the three lines. 

Example, — To find a fourth proportional to the numbers 2, 5, 
and 10. Open the sector till the lateral distance of the second term 
5 becomes the transverse distance 2, the first term ; then the 
transverse distance at 10 will extend, as a lateral distance, from 
the centre to 25, the fourth proportional required. 

To bisect a given Straight Line, — ^Take the extent of the line in 
the compasses, and open the sector till this extent is a transverse 
between 10 and 10 on the line of lines : then the transverse dis- 
tance from 5 to 5, on the same pair of sectoral lines, gives the 
half of the line, and this extent set off from either end will 
bisect it. 

To open the Sector so thai the Line of Lines may answer for any 
required Scale of equal Parts, — Take one inch in the compasses, 
and open the sector, till this extent becomes a transverse distance 
at the division indicating the number of parts in an inch of the re- 
quired scale ; or, if there be not an integral number of parts in one 
inch, it will be better to take such a number of inches as will con- 
tain an integral number of parts, and make the extent of this 
number of inches, if it be not too great, a transverse distance at the 
division indicating the number of parts of the required scale {n this 
extent. 

Example, — To adjust the Sector as a Scale of One Inch to Four 
Chains, — ^Make one inch the transverse distance of 4 and 4 ; then 
the transverse distances of the other corresponding divisons and 
subdivisions will represent the number of chains and links indicated 
by these divisions : thus, the transverse distance from 3 to 3 will 
represent three chains; the transverse distance at 4*7, or the 
seventh principal subdivision after the primary division marked 4, 
will represent 4 chains 70 links, and so on. 

To construct a Scale of Feet and Inches in such a manner that 
an extent of Three Inches shall represent Twenty Inches, — 1. Make 
three inches a transverse distance between 10 and 10, and the 
transverse distance of 8 and 8 will represent 16 inches. 2. Set off 
this extent from a to b, divide it by continual bisection into 16 
equal parts, and place permanent strokes to mark the first 12 of 
these divisions, which will represent inches. 3. Place the figure 1 
at the twelfth stroke, and set off again the extent of the whole 12 
parts, from 1 to 2, 2 to 3, etc., to represent the feet. 

As an Example of the Use of the Line of Lines in reducing 
Lines f let it he required to reduce a drawing in the Proportion of 
5 to 8. — ^Take in the compasses the distance between two points of 
the drawing, and make it a transverse distance at 8 and 8 ; then 
the transverse distance of 5 and 5 will be the distance between the 
two corresponding points of the copy. 2. These two points having 
been laid down, make the distance between one of them and a third 
point a transverse distance at 8, and with the transverse distance 
at 5 describe, from that point as centre, a small arc. 3. Repeat 
the operation with the other point, and the intersection of the two 
small arcs will give the required position of the third point in the 



copy. In the same manner all the other points of the reduced copy 
may be set off, each one from two points previously laid down. 

The Limb of Choqds. — ^The double scales of chords upon the 
sector are more generally useful than the single line of chords de- 
scribed on the plain scale ; for, on the sector, the radius with whidi 
the arc is to be described may be of any length between the 
transverse distance of 60 and 60 when the legs are close, and that 
of the transverse of 60 and 60 when the legs are opened as far as 
the instrument will admit off: but, with the chords on the plain 
scale, the arc described must be always of the same radius. 

Thk Link op Polygons. — The line of polygons is chiefly useful 
for the ready division of the circumference of a circle into aov 
number of equal parts from 4 to 12 ; that is, as a ready means to 
inscribe regular polygons of any given number of sides, from 4 to 
12, within a given circle. To do which, set off the radius of the 
given circle (which is always eqiuil to the side of an inscribed 
hexagon) as the transverse distance of 6 and 6, upon the line of 
polygona. Then the transverse distance of 4 and 4 will be the 
side of a square ; the transverse distance between 5 and 5, the side 
of a pentagon ; between 7 and 7, the side of a heptagon ; between 
8 and 8, the side of an octagon ; between 9 and 9, the side of a 
nonagon, &c., all of which is too plain to require an example. 

If it be required to form a polygon, upon a given right line sel 
off the extent of the given line, as a transverse distance between 
the points upon the line of polygons, answering to the number d 
sides of which the polygon is to consist ; as for a pentagon betwet: 
6 and 5 ; or for an octagon between 8 and 8 ; then the transver^ 
distance between 6 and 6 will be the radius of a circle whose cir 
cumference would be divided by the given line into the number of 
sides required. 

The line of polygons may likewise be used in describing, npoo 
a given line, an isosceles triangle, whose angles at the base are eacb 
double that at the vertex. For, taking the given line between the 
compasses, open the sector till that extent becomes the transverse 
distance of 10 and 10, then the transverse distance of 6 and 6 will 
be the length of each of the two equal sides of the isosceles 
triangle. 

All regular polygons, whose number of sides will exactly divide 
360 (the number of degrees into which all circles are supposed to 
be divided) without a remainder, may likewise be set off upon the 
circumference of a circle by the line of chords. Thus, take the 
radius of the circle between the compasses, and open the sector till 
that extent becomes the transverse distance between 60 and 60 
upon the line of chords ; then, having divided 360 by the reqaired 
number of sides, the transverse distance between the numbers of 
the quotient will be the side of the polygon required. Thus for an 
octagon, take the distance between 45 and 45 ; and for a polygon 
of 36 sides, take the distance between 10 and 10, etc. 

Lines of Sines, Tangents, and Secants. — Given the radius of 
a circle (suppose equal to two inches) required the Sine and TangenI 
of 28" 30' to that radius. — Open the sector, so that the transverse 
distance of 90 and 90 on the sines, or of 45 and 45 on the tangents, 
may be equal to the given radius, viz., two inches ; then will the 
transverse distance of 28° 30', taken from the sines, be the length of 
that sine to the given radius, or, if taken from the tangents, will be 
the length of that tangent to the given radius. 

But if the Secant of 2S' 30' is required, make the given radius 
of two inches a transverse distance of and at the beginning of 
the line of secants, and then take the transverse distance of the 
degrees wanted, viz., 28° 30'. 
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A Tangent greater than 45° (suppose 60'') m thus found: — ^Make 
the given radius, suppose two inches, a transverse distance to 45 
and 45, at the beginning of the line of upper tangents, and then the 
required degrees (60) may be taken from the scale. 

The tangent, to a given radius, of any number of degrees greater 
than 45** can also be taken from the line of lower tangents, if the 
radius can be made a transverse distance to the complement of 
those degrees on this line. 

-Eiwmpfc. — To find the tangent of 78' to a radius of two inches. 
Make two inches a transverse distance at 12 on the lower tangents, 
then the transverse distance of 45 will be the tangent of 78°. 

In like manner the secant of any number of degrees may be 
taken from the sines, if the radius of the circle can be made a 
transverse distance to the complement of those degrees upon this 
sine. Thus making two inches a transverse distance to the sine 
of 12°, the transverse distance of 90 and 90 will be the secant of 
78^. 

To find, by means of the lower tangents and sines, the degrees 
answering to a given line, greater than the radius which expresses 
the length of a tangent or secant to a given radius. For a tangent, 
make the given line a transverse distance at 45 on the lower tan- 
gents ; then take the extent of the given radius, and apply it to 
the lower tangents ; and the complement of the degrees at which 
it becomes a transverse distance will be the number of degrees 
required. For a secant make the given line a transverse distance 
at 90 on the sines ; then the extent of the radius will be a trans- 
verse distance at the complement of the number of degrees required. 

Given the Length of the Sine, Tangent, or Secant of any Degrees, 
to find ike Length of the Eaditts to that Sine, Tangent, or Secant^ 
Make the given length a transverse distance to its given degrees 
on its respective scale. Then, 

If a fine -v r 90 and 90 on the lines ^ wffl be 

If a tuweat under 45° f **** ^'^"^ J 45 and 46 on the tangents f the ra- 

If a tangent above 46' T ^"* ^^ j 46 and 45 on the upper tangents f* dins 

IfaKcaat ^ tanoe o^ (^ o and on the secants J sought. 

To Jmd the Length of a versed Sine, to a given Number of 
Degrees^ and a given Radius, — 1. Make the transverse distance of 
90 and 90 on the sines equal to the given radius. 2. Take the 
transverae distance of the sine of the complement of the given 
number of degrees. 3. If the given number of degrees be less than 
90, subtract the distance just taken, viz., the sine of the comple- 
ment from the radius, and the remainder will be the versed sine ; 
but if the given number of degrees are more than 90, add the com- 
plement of the sine to the radius, and the sum will be the versed 
sines. 

To open the legs of a Sector, so that the corresponding double 
Scales of Lines, Chords, Sines, and Tangents may make each a 
right Angle. — On the line of Unes make the lateral distance 10, a 
transverse distance between 8 on one leg, and 6 on the other leg. 

On the line of sines make the lateral distance 90, a transverse 
distance from 45 to 45 ; or £rom 40 to 50 ; or from 30 to 60 ; or 
from the sine of any degree to their complement 

On the line of sines make the lateral distance of 45 a transverse 
distance between 30 and 30. 

The Pentagraph is an exceedingly useful instrument for reducing 
and enlarging drawings. By means of it, drawings may be copied 
on an enlarged or a reduced scale, by the mere action of carrying 
a tracing point over the lines of the original drawing. The 
motion of the tracing point is communicated to the delineating 
pencil by the angular movements of a series of levers oscillating 



upon a fixed centre. If one arm of a lever is twice as long as the 
other, the arc described by its extremity will be twice as great, 
whatever be the extent of the movemeut. In this case, however, 

FIg.GflL 




the radii of the arcs would be uniform, and an arrangement is 
required, providing for the increase or decrease in length of the 
two radii, but in aueh a manner that they shall continually 
be in the same proportion to each other. This is effected by 
making the main lever with joints midway between the extremities 
and the centre of motion. It is, necessary, however, that the outer 
joints of the lever should be maintained constantly parallel to each 
other, and it is likewise desirable that the instrument should be 
capable of adjustment for different proportions. Fig. 66 represents 
a perspective view of the instrument, as prepared for reducing a 
plan or drawing to one-half the original size. It consists of four 
bars of metal, a B, a c, d f, and e f ; the two longer bars are jointed 
at A, round which they move as a centre. The shorter bars are 
jointed in like manner at f, and to the bars a and b, at d and B, so 
as to form, in whatever direction they are moved, an accurate 
parallelogram. The instrument is supported on small castors to 
admit of its moving easily in any desired direction. One of the 
longer arms, a b, and one of the shorter, n f, are graduated and 
divided into aliquot parts, each having a sliding index, which can 
be fixed at either of the divisions by means of a clamping screw. 
The sliding indices have each a tube adapted to slide on a pin 
rising from a heavy circular weight, which forms the ftilemm, or 
to receive a sliding holder fitted with a pencil or pen, or a tracing 
point, as may be required. 

When the instrument is properly set, the tracing point, o, the 
pencil, H, and the fulcrum, i, are in a straight line. To reduce 
a drawing to half size, the sliding indices are fixed at the divisions 
on the graduated bars marked ^ ; the tracing point is then fixed in 
the socket at a, the original drawing being placed beneath the 
point The pencil is arranged in the holder on the bar, d f, and 
the paper to receive the copy placed below it, the fulcrum being 
fixed to the clamp on the bar, a b. 

In this position of the parts the tracing point, o, is passed steadily 
and accurately over each line of the original drawing. By this 
movement of the tracer, the pencil is caused to mark a true copy of 
the drawing, but reduced to one-half the size of the originaL The 
fine silk cord which is carried from the pencil round the instni- 
ment to the tracer, enables the draughtsman to raise the pencil 
off the paper beneath, when it is requisite to move the tracer 
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from one part of the drawing to another and avoid making false 
lines. 

To enlarge a drawing, the tracer is placed on the arm, d f, and 
the pencil at g, on the arm, a c. If the drawing is required the 
same size as the original, the fnlcmm is placed at the central 
station, and the tracing point and pencil on the longer bars, a b, 
and A c, of the instrument. 

To cause the pencil to press more or less heavily on the paper, 
the holder is fitted with a small cup on the upper part to contain 
shot, by which means the pressure of the pencil point is adjusted. 

Fig. 67 is a Penta^aph of an approved design and construction. 
The main lever, a, turns upon a centre carried by the weight, 
B, which has fine points upon 
its under side to prevent its 
slipping upon the paper. The 
lever, a, passes through a 
socket at the centre, and may 



Fig. 67. 




be fixed by a pinch- 
ing screw at any 
point of its length ; 
it is graduated at the side, and the 
socket is formed with a vernier 
index for the estimation of minute 
measurements. To the extremities of 
the lever, a, are jointed the discs, c, which are formed with sockets 
on their under sides to receive the bars, d e. These bars are 
graduated in a similar manner to the main lever, and vernier indices 
are formed in the plates, c, to correspond. The parallelism of these 
bars is maintained by the rods, f ; the tracing point is at G, and 
the delineating pencil at h, or vice versa, as the case may be. A 
string, I, is p^issed from the tracing point through guide eyes at 
the joints, c, to a small bell-crank lever at h, by means of 
which the pencil is raised when it is not wished to mark; this 
being effected by drawing the string, i, at the tracing point. As 
represented in the engraving, the instrument is adjusted to copy a 
drawing upon an enlarged scale. To obtain the correct action of the 
instrument it is necessary that the tracer, g, pencil, h, and centre 
of motion, b, be in a straight line. The proportion of reduction 
or enlargement being detern^ined on, the main lever, a, is so adjusted 
in its socket, b, that the portions of the lever on each side of the 
centre may have this proportion to each other ; this being indicated 
by the graduated scale on thp side of the lever. The bars, d k, 
must then be correspondingly adjusted in their carrying sockets, the 
distance between the tracer, or pencil, and joint being always equal 
to the distance between the joint and turning centre on the respec- 
tive side of the main lever, a. The instrument, when adjusted, 
is balanced on its centre by means of the sliding weight, j, 
upon the lever, a. In some pentagraphs the rods, f, are dispensed 
with, and the parallelism of the bars, d e, maintained by a belt, k, 
indicated in dotted lines, passed round the peripheries of the discs, c. 
grooved for the purpose. This belt is usually of thin flat steel wire, 
similar to that used for watch springs — a belt of ordinary material 



causing inaccuracies, owing to its elasticity. The arrangement in 
which the rods are used is, however, superior, as the belt is apt to 
slip, or, if it is too tight, it occasions an injurious strain on the 
joints. 

Another form of Pentagraph has been suggested by Mr. R. Forster, 
jun., of Dublin, which seems susceptible of being rendered a very 
efficient instrument. It is delineated in fig. 68. The small and 
shallow circular Ik>x, a, contains the actuating mechanism, and is 
arranged to turn at pleasure upon the fixed centre stud, b ; and from 
each side of the box, a rod, c d, projects, the points of the rods being 
brought into a horizontal line with the stud centre, b. The 
box is in horizontal section, to exhibit the internal gearing. 
The end of each rod has rack-teeth upon it, the teeth on the 
rod, c, gearing with a spur-wheel, e, fast on a stud in the 
centre of the box ; whilst the other rod, d, similarly gears 
with a pinion, f, on the same centre. These two wheels 
are, of course, changeable, their relative radii being always 
determinable by the proportion to l)e 
observed between the original and the 
copy, of any drawing to be reduced or 
enlarged by the 
instrument The 
same relation is 
also to be kept • 
up between the i 
lengths of the 
two rods, in order 
that both the ' 
angular and lon- 
gitudinal traverse actions may coincide. It is 
then obvious that whatever figure is traced out hy 
the point on one rod, will be delineated by the pencil on the other, in 
the proportion determined by the wheels and the leverage of the 
rods. Th^ rods may be either worked on opposite sides, or both 
on the same side. 

Another mode of reducing or enlarging drawings is by means of 
squares ruled upon the original drawing to an equal si?e, and to 
the proportional size upon the sheet of paper on which the copy is 
to be made. Thus, if the original drawing is divided by faintly 
ruled lines into squares, the sides of which are two inches in length, 
and it is required to produce a copy one half the size. The sheet 
of paper on which the copy is to be made, is divided by faint lines, 
the sides of which are one inch in length. Commencing then at 
the upi)er part of the drawing, the student notices the position of 

Fig. 68. 



' '' " ' "' I' ^ '•ir^'. ' !?! '? '^ ' ' 1" 3.^ 




the outline of the drawing in one^of the squares, and he proceeds 
to lay down in the corresponding square of his copy a similar line- 
The position of the line in his copy he may either form with the 
assistance of the proportional compasses, or verify the accuracy of 
his eye and hand by their aid. This being done, he proceeds to the 
next square and copies the portion of the outline contained therein. 
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Having gone over the whole of the outline, the details are then 
filled in like manner. If all this has been carefully done, the copy 
will be a fac sitmle of the original, but contained in a space equal 
to one fourth of its area. 

AUhongh the practical application of surveying instruments forms 
no part of our course of instruction, yet as a knowledge of the con* 
struction of the more important surveying instruments is &t all 
times useful to the young draughtsman, we propose to close this 
ortion of our subject with a few illustrations of this kind. 

The Land Chain is used for measuring distances. It consists of 
100 links, each being, with its connecting ring, 7*92 inches in 
length. Thus the hundred links measure 66 feet, or four poles. 
Every tenth link has attached to it a brass mark so as to readily 
count off the number of links. 

The Level is used for ascertaining the differences of level or verti- 
cal differenooB between distant places or stations. There are several 
arrangements of levels which are named from some peculiarity, or 
after the designers. Thus, there is the Y level, Gravatt's level, 
Elliot's Dumpy level, Troughton's level, the Water level, and others. 
The Spirit levels consist of a telescope with the level either 
suspended thereto or arranged upon the upper part of its tube. The 
instrument is furnished with a compass which is generally arranged 
below the telescope, but in Troughton's level is placed above it, and 
the whole is carried upon a tripod stand. 

The Prismatic Compass is a very portable and convenient instru- 
ment for observing horizontal angles. It consists of a brass box, 
containing the compass. To the edge of the box is fitted the sight 
irane, which is a small open frame, having a fine silk thread stretched 
vertically in the opening. Opposite to the sight vane is arranged 
a moveable prism, which is attached to a metal plate having a small 
slit in it. Through this aperture the observer looks when using 
the instrument. Upon looking through the sight aperture the 
prism is so adjusted that the divisions upon the compass card are 
distinctly seen; the instrument is held so thiit the object to be 
observed is seen through the sight aperture, and is brought in exact 
coincidence with the thread of the sight vane. The compass card 
is brought to rest by touching a spring at the side of the instniment. 
The division on the card, which coincides with the prolongation of 
thread, gives the angle, which the object makes with the magnetic 
mer'jlian. 

The Graphometer is an instniment consisting of a semicircle, or, 
which is much better, a complete circle of brass, the rim of which 
is divided into 180% in the one case, and 360"" in the other, with 
two diametral bands, one fixed, and the other moveable about the 
centre. The advantages of the complete circle over the semicircle 
are well known to practical observers. And where great accuracy 
of measurement is of importance, the semicircular instrument ought 
never to be used. At right angles to the extremities of each of 
these diametral bands is placed a pinnule, or sight. This consists 
of a thin, oblong, flat piece of brass, as represented at a and b, 
about 12 inches high, and having a slit pierced lengthways, and in 
the middle. One half .of this slit is very narrow ; the other is much 
broader, and is bisected lengthways by a wire, which, if continued, 
wocdd also bisect the narrow part of the slit. At one end of each 
diametral band the narrow slit is uppermost; at the other it is 
reversed. Each end of the moveable diametral band is furnished 
with a vernier for reading off angles. The whole is attached cen- 
trally to a pivot, which works by a universal joint in an upright 
pillar resting upon a tripod. A compass and a spirit-level are 
attached, so that the diametral bands of the instrument can be 



Fig. 69. 




placed In any required position, with respect to the points of the 
compass, and the plane of the circle be made horizontal. 

The graphometer is used for taking angles, most commonly, 
either in an hori- 
zontal, or vertical 
plane ; but it may be 
turned in any direc- 
tion, so as to bring 
it into the plane of 
any two or more 
objects whose bear- p._ 
ings are required. 

The observer looks 
through the narrow 
slit, and therefore 
has the larger open- 
ing of the opposite sight in the direction of the object observed. 
He finds the object through that latter opening, and brings the 
wire which bisects it into the same plane with the narrow slit 
close to the eye, so that the plane passing through the wires bisects 
the object. 

Let s be the place of observation ; o, p, and q, objects in an 
horizontal plane, whose relative positions the observer wishes to 
ascertain. 

Place the circle in the plane passing through o, p, and q, and let 
the fixed diametral band be directed to p, so that to the observer at 
p the vertical plane, passing through the wires of a and its opposite 
sight, may bisect p. Direct the moveable diametral band, d h, so 
that the vertical plane through b, and its opposite sight may bisect o. 
Then the number of degrees and the arc, o h, will measure the 
angular distance of o from p. The moveable diametral band is next 
directed to q, and in like maimer is obtained the angle, p B q ; 
subtracting the previously obtained angle, obp, we obtain the 
difference, o e Q. 

An improvement on the ordinary surveying instrument has 
been recently introduced into this country by Mr. J. H. Johnson. 
It is the invention of Mr. E. A. Crandall, of New York. 

This instrument consists of two telescopes, sight tubes, or other 
sighting devices, placed at a certain fixed distance apart, on a 
suitable table or base, one of the telescopes or sighting devices 
being stationary relatively to the table or base, the axis lying at 
right angles to a line joining the two telescopes, and the other 
being moveable on a fixed pivot, so as to be capable of being 
brought to bear upon the same point or object. It also contains 
certain accurately arranged levers, which successively come into 
action as the telescopes approach very nearly to parallel positions, 
and multiply the motion so as to render very slight changes of 
position in the moveable telescope very clearly readable on the 
several scales attached. 

The operation of the instrument is based upon the well-known 
principle in trigonometry, that when the length of the base of a 
right angled triangle is given, the adjacent angle formed by the 
hypothenuse serves to determine the length of the perpendicular. 

Fig. 70 of the engravings is a side view of the instrument Fig. 
71 is a plan of the same, with a portion of the top plate of the 
hollow box, serving as the base, broken away to show the interior. 
Figs. 72 and 73 are diagrams to illustrate the operation of the 
Instrument. 

A, is a rectangular box, forming the horizontal table or base of 
the instrument, b, is a telescope or sighting tube, placed on a 
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Fig. 70. 




stand, b\ at one comer of the box, a, and arranged to be capable 
of receiving motion on a centre in a vertical plane on trunnions, 
6y fitted to bearings in the stand, b^ g, is a seoond moveable 

telescope or tube, car- 
ried hj a stand similar 
to B», but free to turn 
horizontally on a pivot, 
Cy in the base. The 
centre of this pivot, c, 
forms the termination 
of the right line, a, 
which is the base line 
on which all the mea- 
surements are founded, 
and which must be 
exactly at right angles to the axis of the telescope, b. 

The telescope, c, is also arranged to turn vertically on trunnions, 
b, D, is a horizontal index bar, carrying an index, 1, and attached 
to the stand, c^ of the telescope, c, in such a manner that when 
the telescopes are parallel, the said index bar will be parallel to the 
side, a, of the base, a. The index, 1, works on a graduated scale 
of distances, ee\ on the face of the top plate of the base of the 
instrument This index is furnished with a screw clamp, o, by 
which it is attached at pleasure to a screw, h, so that by turning 
the screw, h, the telescope, c, will be partially revolved in a 
horizontal plane, and adjusted with accuracy in any desired position. 
The base of the instrument, which can be attached to a tripod 
similar to other surveying instruments, is furnished with a horizon- 
tal limb, a compass, and spirit level. 

Let it be supposed that the distance from b to t, diagram ^g, 72, 
is to be measured. A staff is placed at the point, t, unless some 
object already statioaary at that point be used as a sight point. 
The instrument is placed with the axis of the stand, b^ (figs. 70 
and 71), on the point, b (fig. 72), and with the tube, b, sighted to the 
point, T. The line, a, of the instrument then forms a base to which 
the line, b, t, is perpendicular. The tube, c, is then turned on its 
pivot, c, at the end of the line, a, until it also sights the pivot, t ; 
and the length of the base, a, being constant, the angle that is 
formed at c serves to determine the length of the perpendicular, b, t. 

Fig. 71. 




The index, d, moves with the telescope, c, so that the scale, e c*, 
being graduated in distances corresponding to the varying angles 
at c, the true distance from b to T is indicated by the index on the 



scale, e e^. The spaces between the graduations on the scale, e e\ 
diminish according to a certain law at one extremity of the scale. 

Li measuring long distances, c, stands nearly parallel with b, and 
as they approach a state of parallelism the prolonged axis of c, or 
the line, o t, will take a long range along the line, b t, without pro- 
ducing any very perceptible movement in the index. This renders 
it impossible that the scale, e e\ the width of graduations of which 
diminish progressively from the 
commencement, can either be gra- Fig. it, 
duated or read up to a termina- 
tion at the end, e^ with so great ir 
a degree of exactness as is desira- I 
ble for precise measurement It is |\ 
with a view to remedy this defi- '\ Fig.78. 

ciency that the inventor has 
added to the instrument multiply- 
ing levers, and additional scales. 
The multiplying levers, of which 
three, J, k, l, are shown, but, if 
desired, there may be any other 
number, are all arranged to work 
within the box or hollow base, a, 
so as to be out of the way of the 
surveyor, but are furnished re- 
spectively with indices, 2, 3, and 
4, working through slots in the 
top plate of the base over their j 
respective graduated scales, o o^, ! 
P P^f 9 ?*» ^^ ^^® upper surface of | 
the plate. The lever, j, which is 
the first of the series, is a lever 
of the first order, working on a I 
fulcrum, y, and has a long and a 
short arm ; the index, 2, being 
attached to the long arm j\ \ 
whilst the short arm, j^, is fitted { 
at its extremity with a roller or j 
shoe ; or it is made of a pointed or ! 
rounded form, and is so placed, 
relatively to the index bar, d, j 
that when the index, 1, has I 
moved far enough up the scale, I 
e e^f to afford accurate indications, j 
and arm, d, on the bar, d, comes I 
in contact with the end of the | 
short arm of the lever, J, and by j 
a continuous movement of the I 
bar, D, towards the line, a, the I 
lever, j, is put in motion, and tha « 
index, 2, is caused to move over g 
the scale, o o^. 

The scale, o o\ is graduated to suit the movement of the index, 
2, the spaces between each graduation bearing the same proportion 
to the corresponding graduations on the index, e e\ as the rate of 
motion of the index, 2, bears to that of the index, 1. The lever, 
K, carrying the index, 3, working over the scale, p p^, is placed on 
a fulcrum, k, and is similar to the lever, j, except that its long ann, 
k'^f carrying the index is so proportioned to the short arm, A;', that 
any motion of the index bar, D, causes a greater movement of its 
index than that of the index, 2. It is operated upon by a second 
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ann, d^, on the index bar, d, but the parts are so proportioned that 
it is not touched till the index, 2, approaches near to the end, o\ of 
its scale, where the divisions become very minute. 

The lever, L, carrying the index, 4, may be similar to the lever, 
K, except that there must be a still greater dijBference in the lengths 
of its long and short arms, represented in the engravings. The 
effect in either case is to multiply the slight motion of the index 
bar in some great and unchanging ratio. As represented, it works 
on a fulcrum, /, over the scale, q q^, near the opposite end of the 
base, A, and derives its motion from the lever, K, at a point near 
the index, 3. When the index, 3, arrives near the end, p^, of its 
scale, the lever, k, comes in contact with the arm, l^, of the lever, 
L, and gives an increased motion to the index, 4. 

The levers, j, K, L, have severally applied to them springs, t v, 
to throw their indices back to the commencement of their respective 
scal^, when the bar, D, is moved away from the edge of the 

' base, A. 

^ By an arrangement of multiplying levers and scales such as 
described, a sufficient motion of the index may be obtained to show 
the movement of the telescope, c, to any desired point in the line 
of sight of the telescope, b. The three levers, proportioned as 
shown m the figures, multiply the scale one hundred times. To 
multiply the motion to the same extent, with the indices all in 
operation the whole time, would compel the quickest indices to 
make more than a complete revolution, and would thus confound 
the graduations, or else would require so much room as to be 
almost useless in practice ; but by arranging the indices to come 
successively into operation, each as the graduation of the scale of 
its predecessor becomes too small to be easily distinguishable, the 
multiplication is not effected till it becomes requisite, and the 
separate indices are caused to require only a shorf range. 

In measuring long distances it may be advisable, in some instances, 
practically to increase the length of the base, a, by making an offset 
of any convenient length. In operating in this manner, the telescope, 
B, is first sighted at the object, then ihe whole instrument is trans- 
ferred bodily to a new position at the extremity of the offset, and 
the telescope, b, is placed parallel to its first position, or in the line, 
w z (fig. 72.) The telescope, c, being next brought to bear on the 
object^ T, the distance indicated by the indices must be multiplied by 
the amount of the offset in feet, plus one ; the product is the true 
distance, b T. A similar result may be obtained at one observation, 
by employing a horizontal rod in the hands of the staff-holder, as 
represented in fig. 73, where b, a, c, represents the actual width of 
the instrument, B t the distance to be measured, and u t the rod 
referred to. A staff being fixed on each end of this rod, and the 
rod being of a determinate length, nine feet, for example, and fixed 
by any well-known means in a position at right angles to the line, 
B T, the telescope, b, is sighted at t, and the telescope, c, sighted at 
u. Under these circumstances the distance indicated on the scales 
being multiplied by the length of the rod, n t, in feet, plus one, the 
true distance desired is obtained. 

The distances indicated by this instrument are measured in a 
horizontal plane — that is, the instrument indicates the absolute 
distances to points on its own level, directly above or below the 
object, T. To the telescope, b, is attached a circle, m, described 
from the trunnions, b b, and graduated on a part of its circumference 
in degrees and minutes, and a stationary index or vernier, n, is pro- 
vided, as represented, so that when both the angular altitude of an 
object, and its horizontal distance from the point of observation, 
may be thus indicated, the difference in level in feet may be readily 



ascertained by the aid of proper tables, which are intended to accom- 
pany each instrument. 

A highly useful instrument, calculated to save much labour ^ 
underground surveying, has been introduced by Mr. Bennie, min- 
ing engineer. Fig. 74'is a perspective elevation of the instrument 

Fig. 74. 




It is attached by means of ft ball and socket joint to a tripod stand 
of the ordinary kind ; it consists of a fixed or main frame, to one 
side of which is fitted a spirit tube, that serves to show when the 
instrument is level. Above the main frame is fitted a moveable 
frame, which is hinged to the lower frame at the back part of the 
instrument To the moveable frame are attached the vertical limbs 
which carry the upper tube and the graduated central bar to which 
the lower tubes are connected. These tubes are hinged to the 
moveable frame, and are provided with eye-glasses and cross hair 
sights. The tubes are connected together by a cross bar, which 
slides to and fro on the graduated central bar. This cross bar is 
made somewhat shorter than the distance between the tubes. By 
this means, when the connecting bar is traversed upon the central 
bar towards the back of the instrument, the front ends of the tubes 
are caused to converge, so that they may be simultaneously brought 
to bear upon a distant object. In using this instrument, it is first 
brought to a level, which is shown by the spirit tube At the side of 
the main frame. The distance of the object may then be ascer- 
tained, by bringing the lower tubes to bear upon it, when the dis- 
tance will be shown on the graduated central bar by the position 
of the slide of the connecting bar. During the taking of an obser- 
vation, the main frame remains level, but the moveable frame may 
be elevated until the object is brought into view. The angle of 
elevatjon is shown by an index or pointer attached to the main 
frame, and which shows upon the quadrant attached to the move- 
able frame the number of degrees the tubes are elevated. By 
means of this arrangement, much labour may be saved in under- 
ground surveying. 

Fig. 75 represents a perspective elevation of '' a portable or field 
transit instrument, for finding the time on shore, and laying down 
meridian lines in extensive surveys." This instrument is the inven- 
tion of Mr. Alexander Gerard, of (Gordon's Hospital, Aberdeen. 
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It consists mainly of two mirrors, arranged as in the sextant, 
but requires no graduated arc. The mirrors are so fixed as to 
measure an angle of nearly 90** — say 89" or 91^ Two stations are 
selected — the one about 100 yards nearly east or west of the other, 
and on the same level. A mark resembling a target, with equi- 
distant concentric circles, is set up at one of the stations, and the 
instrument taken to the other, and so placed as to have the mark 
in the middle of the field. The tele- 
scope is then turned round its own axis 
till the body (sun, moon, or star) is seen 
by reflection in the object-glass, which 
will be a few minutes before it culmi- 




nates. It will appear to pass the different circles on the mark in suc- 
cession, and the limes are to be accurately noted. The observer then 
takes the instrument to the second station, and an assistant sets 
up the mark at the first — a set of observations is then taken as 
before. The mean of all the times will obviously be the time of 
the body's transit for the middle point of the line joining the two 
stations, which, if the stations be correctly chosen and levelled, 
will be the time of the meridian passage. But as this is not at 
first to be expected, the stations may be shifted, or their deviation 
from the true position found as in the common transit instrument. 

The instrument exhibited has the advantage over the common 
transit instrument in point of steadiness, derived from the principle 
of double reflection, which makes the quadrant and sextant so use- 
ful. It might be used with advantage for rating chronometers at 
ports where there is no observatory. For this purpose, two stands 
should be erected in some open space not far from the harbour, 
cither of stone, or casks filled with sand, fitted with V's for the 
instrument and mark. As the time could thus be found to a 
greater degree of accuracy than with the sextant and artificial 
horizon— on account of the greater magnifying power of the tele- 
scope that might be employed — a rate might be obtained in a 
shorter intervaL 

The kremnometcr is an instrument invented by Mr. A. S. Wil- 
son, C.E., of Aberdeen ; its name is compounded of two Greek 
words signifying slope-measurer. It is applied to the setting 
out of the widths of cuttings and embankments of railways and 
other similar works. The stock or frame, a, of the instrument, 
consists of a piece of mahogany or other hard wood, 9 inches 
square and 1 J inch thick, b, is a thin plate of German silver, sunk 
flush with the polished surface of the frame, c, is a plummet of 
the same metal f of an inch broad and ^^ of an inch in thickness, 
having a projecting piece of metal at the end to insure its hanging 
vertically. There is a slit in the centre of the plummet from end 
to end, and it is graduated into feet along its whole length, (the 
engraving shows only every fifth foot) 16 feet to an inch is a con- 
venient scale, and sufficiently large for practice. D, is the slope 
bar of the instrument, J of an inch wide and ^'^ of an inch thick. 
B, is a groove cut in the frame, in which the pivot block, l — on 
which the plummet is suspended — moves up and down, f, is also 



a groove at right angles to the other, in which the centre of the 
slope-bar moves, o and h, are scales of the same graduation as 
that on the plummet. The scale, G, must be perfectly parallel to 
the sole plate of the instrument ; and the scale, h, exactly at right 
angles to the same, k, is a segmental slot cut in the frame with 
a shoulder on each side, which, with the cross-bar shown in the 
engraving, serves by a clamp-screw to keep the slope-bar at any 
slope to which it is set. m, is a straight edge of wood, from 10 to 
20 feet long, 6 inches broad, and ^ an inch thick. It is not attached 
to the instrument, but serves for placing it in proper relation to the 
slope of the ground. 

The mode of applying the instrument may be briefly described. 
First, fix the slope-bar at the required slope of the work to be set 
out ; this is done by having a mark at the bottom 
of the instrument, perpendicularly under any point, 
say 30 on the scale, o. Lay the plummet over this 
line; then place the slope-bar at the half-width of 
the formation level of the cutting or embankment, 
shown on the scale, H. This half-width, added to the 
ratio of the slope to the base, will show the half- width 
of a horizontal cutting on the plummet scale at any 
depth of cutting to which the plummet is set. If, as in the 
engraving, the half- width of the formation level be 15 feet 
and the slope 1^ to 1, then a cutting of 30 feet deep of a hori 
zontal cross-section gives a half-width of 60 feet The scale, h. 
which represents the formation, is counted from a point the same 
distance from the edge of the groove, e, as the centre |)oint on 
which the plummet swings. When the slope bar is adjusted it is 
fixed by the clamp-screws behind the slots, k and f. Unscrew now 
the clamp which holds the sliding block, l, and place the plummet 
on the scale, o, at the depth of the cutting or embankment where 
the slopes are to be set out, and there screw it tight; then place the 

Fig. 76. 




straight edge, h, along the slope of the ground and set the instra- ^ 
meut upon it. According to the amount of slope the plummet will | 
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hang, for example, at c c*, and the reading on the scale where it 
cats the slope-har is the width for one side measured — ^not horizon- 
tally but along the straight edge or slope of the ground. Now turn 
the instrument half-round, and the plummet will hang as at c^, and 
the reading on the plummet scale where it cuts the slope-bar, as 
seen through the slot in the plummet, will be the width for the 
other side. Proceed to the next }X)int; and again setting the 
plummet to the depth shown in the section, lay out the widths as 
before. 

Another instrument for effecting the same object has been 
designed by Mr. James Dillon, C.E., who has named it the Pleono- 
meter. Fig. 77 represents a 12-inch pleonometer, drawn to a scale 

Fig, 77. 
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of 3 inches to a foot. The arms, a and b, turn on a centre at c ; 
the anns, D, k, and c*, slide along a groove in the arm, a. The 
diyisiona on the instrument are all equal, representing so many feet, 
the arm, d x, may be set to any inclination, as it moves on a 
centre at D^ 

Fig. 78 represents across section of a railway cutting through the 
side of a hill, i k, is the natural surface and l the centre line of 
railway. The depth of the cutting is 30 feet, and the width at the 

Pig. 78. 
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bottom 28 feet, the sides having a batter of 1 J base to 1 perpen- 
dicular; that ia, M h is IJ times the depth of n o. Therefore, 
assuming the ground to be horizontal, as represented by the dotted 
line, M H p, then the half-width of the cutting at the point, l, will 
equal half the base (14 feet), added to the batter, m n, (45 feet) 
equal 59 feet: — so the horizontal distance, M l, or l p, equals 59 feet. 
Now at the point, q, 30 feet from centre, l, the ground rises 5 feet 
ascertained with the level, the arm, c*, of the pleonometer is moved 
30 feet from the centre, c ; the arm, b, is raised until its lower edge 
cuts 5 feet on the arm, c' *, then the angle, dob, equals i l m, in fig. 
78. The arm, d e, is the next to be moved until the centre, d>, is 59 
feet from the centre, c; then d* c equals m l, fig, 78. According to 
the scale, D E, the batter of IJ to 1, which is marked on the semi- 
circle at B, being the same angle of slope as i o. It will now be 
evident that the number of feet to be read off on the scale, B, at the 
point of intersection, d, expresses the distance, i l, fig. 78, because 
the triangle, D c B, is similar to the triangle, i l h. 

In the same manner, the distance, l k, fig. 78, is found by revers- 
ing the arms, c* and b, as shown by the dotted lines, f and f^ ; and 



the number of feet read off at the point of intersection, e, expresses 
the distance, l k, because the triangle, c B e, is similar to l p k, 
fig. 78. Ranging rods are placed in the points, i and k thus found, 
and the same operation repeated wherever the depth of the cutting 
or slope of the cross section varies ; a line is then lock-spitted in the 
direction of the points thus found, from which the slopes, i o and 
K 8, are cut downwards; — thus giving the proper breadth at bottom. 
The Inclinometer is a simple contrivance, originally devised 
by W. Gillespie, Esq., of Torbanehill, Linlithgowshire, for the 
purpose of facilitating the formation of a drain to carry off the 
water from the foundations of his house. The circumstances of 
the case demanded especial exactness and uniformity of slope, and 
the quantity of water to be removed was very considerable ; for, 
on going down 2^ feet, it was found that the house was actually 
standing on a hydrostatic bed. This accumulation of moisture 
was to be discharged by a drain, sunk direct 5^ feet at the very 
door-step. Commencing at such a depth, it was, of course, essen- 
tial to guide the slope with accuracy, so as to preserve the outfall 
at the other extremity ; and it was evident than any misdirection 
might endanger the house by causing the unpleasant result of 
backwater. During the progress of the work, Mr. Gillespie, being 
dissatisfied with its appearance, conceived the idea of the apparatus 
which is here shown, and the working model of impromptu con- 
struction at once set the matter right. The instrument, which is 
now in established use, is nothing more than a parallelogram of 
timber and a plummet in combination. Fig. 79 show^s it as point- 
ing out the slope of a line of drain pipes. From the nature of the 
parallelogram, it is obvious that the top must be parallel with the 
base ; and to show the deviation of the upper of these coinciding 
slopes from the level, the instrument is provided with the means 
of determining what the true level is. It has a duplicate top, a b, 
hinged to the angle, a. The other extremity of this duplicate top 
being a little protracted, is formed into the well-known T square 
by insertion through a slit (in which a slight range is given to 
accommodate the working of the implement) of a depending limb, 
c, at right angles to a b. c, is graduated downwards for several 
inches in sixteenths of an inch. The face of the depending limb is 
likewise grooved for the reception of a plummet or pendulum of 
wire playing upon its graduated front. A quadrant, n, moved by 
turning a ratchet-pin, is employed to elevate or depress the dupli- 
cate top spar, A B, imtil the plummet rests from its oscillations, in 
exact accordance 
with a vertical 
line drawn down 
the face of the 
T square. This 
shows the top 
spar, A B, to have 
been adjusted to 
the proper level. 
On the other 
side of the im- 
plements, behind 
the ratchet-pin, 
will be found an 
inverted pinch or 
pressing screw, 

by turning which backwards, the implement is set, and the square 
top fixed on the horizontal or true level of the parallelogram. The 
limb. A, being now upon the level, whilst the limb, b, still con- 
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tinues to indicate the slope, the difference intervening betwixt the 
level and the slope is necessarily denoted on the graduated scale, 
which, being fixed upon the inner edge of the plummet style, 
measures the exact rate of slope to which the instrument is applied. 
A sight telescope, for extending the range of the level, may be 
fitted on the upper limb, ▲ b. By means of it, the outfall or depth 
of slope can be determined throughout any distance within the 
scope of vision, and the heights of objects may be measured where 
their distances can be ascertained. An extra base piece is provided 
for protracting the slope, and giving, the rate of it with greater 
certainty of precision. 

A very ingenious instrument, the contrivance of the late Mr. 
Herbert Mackworth, and made for the inventor by Mr. J. D. 
King, of Bristol, is represented in the accompanying figures. 
The instrument is named the Metra, and within its very limited 
space it offers to the engineer and traveller, the means of 
taking most of the measurements it is desirable to record. 
Without sacrificing the strength necessary for constant use, 
or interfering with the accuracy of each portion, this instrument 
contains, in a brass case three inches square, and litttle more 
than one inch thick, eleven different instruments. The travel- 
ler in distant lands can ascertain by its. means the tempera- 
ture, the force of the wind, the latitude, the position of the rocks, 
or survey and map his route. The geologist can determine and 
draw the direction and amount of dip of the rocks, the angles of 
cleavage and crystallisation, the temperature of springs, or examine 
by a plate of tourmaline, the bottoms of pools or shallow depths 
along coast lines, otherwise invisible to the eye. The miner, for 
whom chiefly this little instrument is intended, can, moreover, 
survey and level the roof or floor of his workings, and requires 
only a pencil to map them upon paper. It contains also a magni- 
fying lens, and a measure of the wires in a Davy lamp. The 
miner can ascertain the temperature of the air under ground, and 
discover whether the ventilation is deficient, or if the foul air from 
abandoned workings leaks into the life-supporting current. By 
the anemometer, a thin plate of mica suspended so as to be friction- 
less, he may measure the quantity of air brought in, and determine 
whether it is proportioned to the wants of the mine. Beneath the 
transparent mica, a table of constants exhibits the weight of gases, 
liquids, and solids, besides some thirty measures and formulae for 
steam, boilers, engines, ropes, and air. To exhibit the ingenuity 
displayed in this pocket instrument, it is sufficient to mention that it 
contains a Clinometer, Goniometer, Level, double Compass, plotting 
Scales of various kinds, and an Anemometer. The engravings. Figs. 
80 and 81, represent the plan and side view of the metra when 
open and ready for use. A, is the double compass, and B, the level. 
The arc is graduated in degrees and in inches fall per yard, c, the 
sights, D, the scales, E, the goniometer arm, and E^ the goniometer 
scale ; F, the plummet, o, the lens, with a telescopic slide to measure 
the wire gauze; H, the tourmaline, J, the pivots on which the 
instrument stands; K, are the two joints of the brass leg, by which 
the horizontality of the instrument can be obtained ; L, is a flat 
chisel point for entering joints of rock or masonry. This end 
unscrews, exposing a wood screw, M, by which the leg can be 
secured to a tree or a stand, n, is the thermometer, o, the screw 
which secures the top and bottom of the instrument together. 



Beneath the bottom, P, are placed the anemometer and the table of 
constants. The adjustment* of the metra possess several novelties, 
with the view of shortening the operator's work. On this head we 

Pig.sa 





may allude to the plan of lay- 
ing down the surveys on 
paper, without the aid of any- 
thing but a pencil, by first 
adjusting the north and south 
line of the plan by the com- 
pass, and fastening the paper 
down by weights. The com- 
pass then serves as a protrac- 
tor, and by the engraved scales 
the distances are measured off. 
This method saves calculation 
Fig- 81. and ruling parallel lines, and 

obviates some instrumental errors. Any dial or theodolite can be 
fixed to a scale, and used in a similar way as a protractor. 

With this instrument we shall conclude this portion of our sub- 
ject. The student who desires further information relative to 
surveying instruments, will find it appended to several of the 
trjatises which are exclusively devoted to that branch of mathe- 
matical science. 

We have a word to say to the student who purposes following 
us through our course of instruction, and that is let him make 
himself acquainted with the use of the Slide Rule. In the examples 
we shall place before him, as well as in others which will occur to 
him in his studies, this instrument will be of the utmost service in 
facilitating and verifying the results of his calculations; and 
where arithmetical operations are required at the moment the rule 
will be found invaluable in reducing the labour of the mind and 
pen. It may be used with advantage in working out the elemen- 
tary and higher rules of arithmetic ; mensuration, superficial and 
solid ; land measuring, levelling, hydrostatics, velocity of falling 
bodies, weights of metal, pumping engines, mill work, mechanical 
powers, calculating brickwork, gauging, and many other useful 
purposes, which are detailed in the small explanatory work which 
is usually with the instrument. 
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CHAPTER m. 



LINEAR DRAWING. 



Dbawikg is tbe art of representing the forms of objects upon a flat 
surface, such as a sheet of paper. 

The principles and methods oonoemed in that division of the art 
which is termed linear drawing ^ and which is the foundation of all 
drawing, whether industrial or artistic, are, for the most part, 
derived from elementary geometry.* This branch of drawing has 
for its object the accurate delineation of surfaces and the construc- 
tion of figures, by the appropriate combination of lines ; and, with 
a view to render the study easier, and at the same time more attrac- 
tive and intelligible to the student, the present work has been 
arranged to treat successively of definitions, principles, and of 
problems or practical applications. 



DEFINITIONS. 



LIMES AND BUBFAOEB. 



PLATE 1. 

In Geofroetry, ^pace is described in the terms of its three dimen- 
sions — ^length, breadth or thickness, and height or depth. 

The combination of two of these dimensions represents surface 
and one dimension takes the form of a Ztne. 

Lines, — ^There are several kinds of lines used in drawing — 
straight or riglii lines^ curved lines^ and irregular or hrohen lints. 

Right lines are verUcai, horizontal, or inclined. Curved lines are 
drcuiar, eUiptic, paraholicy Ac. 

Sur/iuxs, — Surfaces, which must always be bounded by lines, are 
pfane, concave, or convex. A surface is plane when a straight-edgo 
is in contact with it at every point, in whatever position it is applied 
to it If the surface is hollow so that the straight-edge only 
touches it at each extremity, it is concave ; and if it swells out so 
that the straight-edge only touches it in one point, it is convex. 

Vertical lines. — By a vertical line is meant a line parallel to the 
direction assumed by a flexible thread suspended at one extremity, 
and having a weight attached to the other; such is the line ▲ b, 
represented in Fig. 1. This line is always a straight line, and 
straight lines are the shortest that can be drawn between their 
extreme points. A vertical line is perpendicular to all lines drawn 
in the plane of, or parallel to, the horizon at any given places 

Plumb-line. — ^The instrument represented at Fig. 1 is called a 
plumb-line. It consists of a piece of wood, having parallel sides, 
and a line drawn up its centre parallel with its edges ; to the one 
end of this piece of wood is attached a cord corresponding with the 
I said line, the other end being allowed to hang freely with a weight 
or plumb-bob attached to it. This instrument, or the surface to 
which its edge is applied, is said to be plumb when the whole 
length of the line coincides with the line drawn on the piece of 
wood. This instrument is much employed in building and the 

* For tlioM to wboin geometry Is an entirely new study no better commencing book 
cma be recommended than Mr. Grant's ** Elements of Practical Geometry, for schools 
aad vorkvhops." It is eminently plain and sound in its teaching. Another excellent 
elementary work,bQt more formally scientific, is Mr. Lund's "Elements of Geometry 
and If ensttration, irith easy exercises, designed for schools and adult classes." 



erection of machinery, as a guide to the construction of vertical 
lines and surfaces. 

Horizontal line. — ^When a liquid is at rest in an open vessel, its 
upper sinrface forms a horizontal plane, and all lines drawn upon 
such a plane, or any plane parallel thereto, are called horizontal 
lines. A line is horizontal when it is at right angles to a vertical 
one at any given place. 

Levels. — The simplest form of this instrument is that represented 
at Fig. 2. It is constructed in accordance with the principle of the 
last definition of a horizontal line, and consists simply of a plumb- 
line. A, as before described, attached to a piece of wood, b, having 
its lower edge at right angles to it, so that when the plumb-line, 
A, is vertical, the lower edge of b is horizontal, or the surface on 
which it rests is level. This instnnnent is much used by masons, 
carpenters, joiners, and other artificers. 

Liquid or fluid levels are constructed on the principles in- 
volved in the first definition of a horizontal line. One description 
of fluid level consists of two upright glass tubes, connected by a 
pipe communicating with the bottom of each. When the instru- 
ment is partly filled with water, the water will stand at the same 
height in both tubes, and thereby indicate the true leveL Another 
form, and one more generally used, denominated a spirit level from 
spirit being usually employed, consists of a glass tube, Fig. 3, en- 
closed in a metal case, a, attached by two supports, b, to a plate, c. 
The tube is almost filled with a liquid, and the bubble of air, d, 
which remains, is always exactly in the centre of the tube when 
any surface, E f, on which the instrument is placed, is perfectly 
horizontal. 

Perpendiculars. — ^If the vertical Une, a b, Fig. 7, be placed on the 
horizontal Cne, c i>, the two lines will be perpendicular to, and form 
right angles with, each other. If now we suppose these lines to be 
turned round on the point of intersection as a centre, always pre- 
serving the same relative position, they will in every position be 
perpendicular to, and at right angles with, each other. Thus the 
line, I o, Fig. 11, is at right angles to the line, e f, although neither 
of them is horizontal or vertical. 

Broken lines. — ^It is usual to call a line a ^* broken line," which 
consist of a series of right lines lying in different directions— such 
as the lines b, a, e, h, f, n. Fig. 21. 

The Circle and its Circumference. — The continuous line, e. F o B, 
Fig. 11, drawn on a plane surface with one of the points of a pair of 
compasses, whilst the other point remains fixed, is called the cinmm- 
ference, and the space enclosed thereby is a circle. It is evident that 
every point of the circumference is equally distant from the fixed 
centre, a Circles are concen^c when they have a common centre. 
Fig. 18. 

Radius. — ^The extent of opening of the compasses, or the dis- 
tance between the two points, o, f, Fig. 11, is called a radius* All 
lines, as o e, o F, o o, drawn from the centre to the circumference 
are equal. 

Diameter. — ^Any right line, l h, passing through the centre, o, 
and limited each way by the circumference, is a diameter. The 
diameter is therefore double the length of the radius. A oirde is 
divided by any diameter into two semi-circles. 



36 



THE PRACTICAL DRAUGHTSMAN'S 



Arc, — ^Any part of the circumference, b i F, or f l o, is called 
an arc. 

Chords. — ^Right lines, e F, F g, connecting the extremities of 
arcs,, are chords; such lines extended beyond the circumference be- 
come secants. 

Tangent, — A right line, a b, Fig. 10, which touches the circumfer- 
ence in a single point, however much it may be prolonged, is a tan- 
gent. Tangents are always at right angles to the radius which 
meets them at the point of contact, b. 

Sector, — ^Any portion of a circle, as b o H o, Fig. 10, comprised 
within two radii and the arc which connects their outer extremities, 
is called a sector. 

Segment,-^ k segment is any portion, as E F i, Fig. 11, of a circle, 
comprised within an arc and the chord which subtends it. 

Right, continuous, and broken lines, are drawn by the aid of the 
square and angle ; circular lines are delineated with compasses. 

Angles. — ^It has been already stated that, when right lines are 
perpendicular to each other, right angles are formed by their inter- 
sections. When such lines meet or cross each other without being 
perpendicular, they form ax:vie or chtuse angles. An acute angle 
is one which is less than a right angle, as F c d. Fig. 8 ; and an o6- 
Uise angle is greater than a right angle, as o o D. By angle is gen- 
erally understood the extent of opening of two intersecting lines, 
the point of intersection being called the apex^ and the lines, legs. 
An angle is rectilinear when formed by two right lines, mixtilinear 
when formed by a right and a curved line, and curvilinear when 
formed by two curved lines. 

MeasuremeTU of Angles, — It is customary to divide the circum- 
ference of a circle into 360 equal parts called degrees. Now, if, 
with the apex of an angle as the centre, we describe an arc extend- 
ing from leg to leg, the size of the angle may be expressed by the 
number of degrees contained in such arc, and this is the usual way 
of measuring angles and arcs. Instruments called protractors, repre- 
sented in Figs. 4 and 5, have been constructed, whereby the number 
of degrees contained in any angle may be readily ascertained. The 
first, Fig. 4, which is to be found in almost every set of mathe- 
matical instruments, being that most in use, consists of a semicircle 
divided into 180 parts. In making use of this instrument, its centre, 
B, must be placed on the apex of the angle in such a manner that 
its diameter coincides with one side, a b, of the angle, a b o, when 
the measure of the angle will be indicated by the division intersected 
by the other side, a o, of the angle. Thus the angle, a b c, is one 
of 50 degrees — abbreviated, or usually marked thus, 50° ; and this 
will always be the measure of this particular angle or arc, whatever 
be the length of radius of the arc, or legs of the angle, since the 
measuring arc must always be the same fraction of the entire 
circumference. The degree is divided into 60 minutes, and the 
minute (or l^ into 60 seconds (or 60"), Thus 47° 15' 30", means 
an angle of forty-seven degrees, fifteen minutes, and thirty 
seconds. 

The other protractor. Fig. 5, of modem invention, possesses the 
advantage of not requiring access to the apex of the angle. It 
consists of a complete circle, each half being divided on the inner 
side into 180 degrees, but externally the instrument is square. It 
is placed against a rule, b, made to coincide with one side, c e, of 
the angle, e c d, the other side, d c, crosses two opposite divisions on 
the circle indicating the number of degrees contained in the angle. 
It will be seen that the angle, do £, is one of 50°. 

Amongst the numerous uses of the protractor are those of drawing 
any required angle, dividing an angle into any number of equal 



parts, and cutting off any number of degrees from an angle or arc. 
Several roost useful protractors have already been described in the 
second chapter on instruments. 

Oblique lines.— Right lines, which do not form right angles with 
those they intersect, are said to be oblique, or inclined to each other. 
The right lines, g g and f c, Fig. 8, are oblique, considered with 
reference to the vertical line, k o, or the horizontal line, c s. 

Parallel lines. — Two right angles are said to be parallel with 
each other when they have the property of never approaching to or 
receding from each other, however much they may be prolonged ; 
thus, the lines, i k, a b, and l m. Fig. 7, are parallel. A right line, 
drawn across a series of parallel lines, will strike every one at the 
same angle; thus, a line which is perpendicular to the first of a series 
of parallel lines, will, if prolonged, be perpendicular to each one of 
the rest. 

Triangles. — The space enclosed by three intersecting lines, forming 
a trilateral figure, is called a tijiangle ; when the three sides, as de, 
EF, and FD, Fig. 19, are equal, the triangle is equilateral; if two 
sides only, as o h, and g i. Fig. 16, are equal, it is isosceles; and it is 
scaleney or irreg^jlar, when the three sides are unequal, as in Fig. 
12. The triangle is called rectangular when any two of its sides, 
as D L and l k. Fig. 17, form a right angle ; and in this case the side, 
as D K, opposite to» or subtending the right angle, is called the 
hypothenuse. An instrument constantly used in drawing is the set- 
square, more commonly called an angle ; it is in the shape of a rec- 
tangular triangle, and is constructed of various proportions. Three 
of the most common are shown at Fig. 6. a, is one having two 
angles of 45°, represented as having one of the sides containing the 
right angle laid against a straight edge, b; c, is one containing 
angles of 70°, and 20° ; whilst D contains angles of 60°, and 30°. 
From these numbers, it will be seen that these angles, with the 
aid of the straight-edge, b, or T square, e, divide the circle into a 
great variety of equal parts, and, consequently, are of great use to 
the draughtsman in the construction of regular polygons and other 
figures. The angle of 45° marked A, with the aid of the T square, 
divides the circle into four or eight parts ; and the angle of 60° and 
30", marked D, divides the circle into six or twelve parts, and, with 
the aid of the 45°, will divide it into twenty-four parts ; while the 
one marked c will divide the circle into eighteen parts. 

Square. — ^A square is a four sided or quadrilateral figure, the 
sides of which, as a b, b c, c D, and d a, Fig. 17, are equal, and each 
pair of adjacent sides perpendicular to one another, the angles con- 
sequently being equal, and all right angles. 

A rectangle is a quadrilateral, having two sides equal, as A b and 
F N, Fig. 21, and perpendicular to two other equal and parallel 
sides, as A F and b k. 

A parallelogram is a quadrilateral figure, as A b c i>. Fig. 23, of 
which the opposite sides and angles are equal ; and a lozenge is a 
quadrilateral figure having all the sides equal, but only the opposite 
angles equal, as in the shaded portions. Fig. 17, Plate 2. 

A trapezium is a quadrilateral figure, of which only two sides, 
as H I and u L, Fig. 16, are parallel. 

Polygon, — A space enclosed by any number of right lines more 
than four, lying at any angle to each other, and forming a muUi- 
lateral figure, is called a polygon; and its outline, the perimeter. 
Polygons are regular when all their sides and angles are equal, 
otherwise they are irregular. All regular polygons are capable of 
being inscribed in a circle, so that the apex of every angle shall 
touch the circumference. Hence the great facility with which they 
may be accurately delineated. 
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OBSEBYATIOKS. 

We propose now to proceed to the solution of those elementary 
problems with which, firom their frequent occurrence in practice, it 
is important that the student should be well acquainted. The 
paper being well stretdied on the board, as before described, and 
perfectly dry and clean, the drawing is then first made in faint 
pencil lines, and afterwards put in with ink, by means of the draw- 
ing pen, and the other instruments already described. To distin- 
guish those lines which may be termed working or pencil lines, as 
being but guides to the formation of the actual outlines of the 
drawing, we have, in the plates, represented the former by dotted 
lines, and the latter by full continuous lines. 

PBOBLEMS. 

1. To erect a perpendicular on the centre of a given right line^ as 
c D, Fig. 7. — ^From the extreme points, o d, as centres, and with a 
radius greater than half the line, describe the arcs which cross each 
other in a and b, on either side of the line to be divided. A line, 
A B, joining these points, will be a perpendicular bisecting the line, 
c D, in G. Proceeding in the same manner with each half of the line, 
c o and e d, we obtain the perpendiculars, i K and l ic, dividing 
die line into four equal parts, and we can thus divide any given 
right line into 2, 4, 8, 16, &c., equal parts. This problem is of 
oonstant application in drawing. For instance, in order to obtain 
the prindpal lines, 1, 2, and 3, 4, which divide the sheet of paper 
into four equal parts ; with the points, b, b, t, n, taken as near the 
edge of the paper as possible, as centres, we describe the arcs 
vluch intersect each other in f and q; and with these last as 
centres, describe also the arcs which cut each other in y and w. 
The right lines, 1, 2, and 3, 4, drawn through the points, p, q, and 
V, w, respectively, are perpendicular to each other, and serve as 
guides in drawing on different parts of the paper, and are merely 
pencilled in to be afterwards effaced. 

2. To erect a perpendicular on any given point, as H, in the line c n. 
Fig. 7. — ^Maik off on the line, on each side of the point, two equal 
distances, as c H and h o, and with the centres o and o describe 
the arcs crossing at i or k, and the line drawn through the inter- 
secting points, and through the point, h, will be the line required. 

3. To Ut fall a perpendicular from a point, as l, apart from 
the right line, c D. — ^With the point L, as a centre, describe an 
arc which cuts the line o d, in o and d, and with these points as 
centres, describe two other arcs cutting each other in ic, and the 
right line joining the points, l and m, will be the perpendicular 
required. In practice, such perpendiculars are generally drawn by 
means of an angle and a square, or T square, E, Fig. 6. 

4. To draw parallels to any given right lines, qs 1^ 2, and 3, 4, 
at a given perpendicular distance from such Unes^-rrzTo insure accu- 
racy in our drawings, it is usual to begin by constructing a marginal 
rectangle, soch as a b, o d, on the paper that is being drawn upon, 
which is thus done : — ^From the points 1 and 2, as centres, describe 
arcs at a, b, c, and D, with the given distance as a radius ; and apply- 
ing the rule tangentially to the two first, drawing the line a b, and 
then in the same manner tangent to the two latter, draw the line 
c D ; these lines, a b and o ]>, will be parallel to one of the given 
right lines, viz,, 1, 2, aud at the given perpendicular distance from 
it. The lines, a c, and b d, may be drawn parallel to, and at the 
given distance apart from, the line 3, 4, in a similar manner. In 
general, however, such parallels are more qmickly drawn by means 
of the T square, the cross piece or stock being slid along the 
edge of the board, and the longer arm or blade being placed on the 



paper. Short parallel lines may be drawn with the angle and nile, 
or with any of the angles, a, o, or D, set on the edge of the square. 

5. To divide a given right line, as ab. Fig. 9, into several equal 
parts,— ^We have already shown how a line may be divided into 2 
or 4 equal parts. We shall now give a simple method for dividing 
a line into any number of equsl parts. From the point, a, draw 
the line, a c, making any convenient angle with a b ; mark off with 
the compasses, on a c, as many equal distances as it is wished to 
divide the line a b into ; in the present instance, seven. Join o b, 
and from the several points marked off on a o, draw parallels to o b, 
using the rule aud angle for this purpose. The line a b will be 
divided into seven equal parts by the intersections of the parallel 
lines just drawn. Any line making any angle with A b^ as a j, 
may be employed instead of a c, with exactly the same results. 
This is a very useful problem, especially apjdicable to the formation 
of scales for the reduction of drawings. 

6. A scale is either a straight Une, divided and subdivided into 
feet, inches, and parts of inches, for the purpose of directly measur- 
ing actual distances ; or it is a straight line, divided and subdivided 
into parts representing feet, inches, and parts of inches, but greater 
or smaller in a constant proportion. 

7. To construct a plain scale, as shown at Fig. 13. — Suppose we 
wish to draw an object one- twelfth of the size of the original, we 
begin by drawing the straight line, a b, and firom a point, as o, or 
zero, we set off ss many divisions to the right as we choose ; each 
equal to one-twelfth of a foot, or one inch in length, as 1, 2, 3, 4, 
which will represent one, two, three, or four feet from the point, o ; 
then set off one division to the left equal to one of the divisions to 
the right, and subdivide this one into twelve ; then each of these 
divisions, to the left of o, will represent inches. Each of these 
again may be subdivided into eight or ten equal parts, which will 
give the eighths or tenths of inches. In representing on paper any 
of the dimensions of a real object, we first ascertain the actual size 
required with the foot rule in the usual way, and then take from the 
scale the length corresponding thereto. For example, suppose we 
want to draw a line to represent 3 feet 9 inches to an inch scale, 
which is the one shown and just described at Fig. 13, we take, with 
the compasses, three of the divisions to the right and nine to the 
left of the point, o, or zero, at one span. This will be the size re- 
quired to make the line. Scales of this class are made on strips 
of card board with the divisions near the edge, so that they can be 
laid to the line required, and the leng^s marked off with the pencil 

The diagonal seale.^This scale, which is shown at Fig. 14, is 
very simple, and most nsefUl where great precision and nuiny small 
measurements are required, as it gives the third measurements, or 
the decimal parts of the inch, with greater ease and accuracy 
than the simple scale, just described at Fig. 13. To construct 
the diagonal scale, we draw eleven long parallel lines at equal 
distances apart ; tiien, suppose it is an inch scale that is required, 
we proceed as before, and set off on the top line from the point, o, 
as many inches, 1, 2, 3, and 4, to the right, as required, to represent 
feet, and one inch to the led, whioh is again subdivided into twelve 
equal parts, marked 1, 2, 3, to 12, to represent inches ; through the 
points, 0, 1, 2, 3, and 4, to the right, and the point, 12, to the extreme 
left, draw perpendiculars through the eleven parallel lines, and at 
the intersectious of the perpendicular lines, from the point, o, with 
these lines mark them off in succession, respectively, 1, 2, 3, 4, 5, 
and so on to 10, which is the intersection on the last line of the 
whole ; then, on this line, and to the left of the point, 10, mark off 
one space equal to one of the small divisions to the left of o, on the 
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top line, join the point, o, with this division on the lower line by a 
right line, and parallel to it draw lines through the several points, 
1, 2, on to the 11th point, to the left of o, which will meet and 
coincide with the extreme point to the left of the lowest line. The 
intersection of these oblique lines with the long parallel lines, marked 
1 to 10, will give the tenths of an inch, thus : suppose we wish to 
take a measure of three feet, nine inches, and eight-tenths of an inch, 
we set the point of one leg of the compasses on the point of inter- 
section formed by the third vertical line to the right of o, for the 
feet, with the horizontal line marked 8, for the tenths, then open 
the other leg till the point reaches the intersection of the oblique 
line, marked 9, for the inches to the left of o, Mrith the same hori- 
zontal line, and this will be the measurement required. When 
there is no tenths of inches required, the measurement is taken on 
the top line, as in the simple scale. This scale is frequently used 
as a decimal scale entirely, to measure to the hundredth, or thou- 
sandth part of the integral part, or measure. 

Fig. 15 represents a useful scale, drawn to one-third of the real 
size. It is formed of a thin strip of ivory or boxwood, about H 
inch broad, and 12 inches long, thinned towards the edges, so as to 
allow the required distances to be directly measured off upon the 
paper from the edge of the scale. There are four scales on each 
side towards each edge on four parallel lines, the one set being 
inch, half-inch, one-fourth, and one-eighth of an inch, each being 
one-half of the other, so that eyery second division is squared back 
to the line immediately behind it, and this forms a scale double the 
size of the one immediately in front of it ; thus giving four scales 
as simply and easily worked from as one, since the integral parts 
of the smaller scales form the fractional parts of the larger ones. 
On the opposite side and edge, corresponding to that of th& former, 
there is another set of four scales, viz., one-and-a-half inch, three- 
fourths, three-eighths, and three sixteenths of an inch, each ; these 
two sets are again subdivided into twelfths, in the usual way, to 
represent inches. On the other two sides, and corresponding edges 
respectively, there are two other sets of scales, similar to the others, 
except that they are divided into tenths of feet, instead of twelfths, 
as the former. 

8. To divide « given angUf (u f c D, Fig. 8, into two equal angles, 
— With the apex, c, as a centre, describe an arc, h i, and with the 
two points of intersection, h i, as centres, describe arcs cutting each 
other in J ; join j c, and the right line, j o, will divide the angle, 
F G D, into two equal angles, h c J and j c i. These may be sub- 
divided in the same manner, as shown by dotted lines in the figure. 
An angle may also be divided by means of either of the protractors, 
Figs. 4, 5. 

To bisect an angle formed by two lines, the apex of which is in- 
aocessiblck I^et A b ^d c D^ Fig. 8a, be the two lines forming an acute 

angle with each other, so 
Fig.Sju that the apex is inac- 

cessible or cut away from 
any point, e, in the line, 
ab; erect the perpendi- 
cular, E F, and from the 
same point without the 
line, c D, let fall a perpen- 
dicular, E o; bisect the 
angle, F B 6, formed by 
these two perpendiculars, 
the apex, b, ©f which is accessible, by the first part of this problem, 
by the line, b h; then bisect b h by the perpendicular, i j, pro- 




duced both ways, and it will bisect the given angle formed by the 
two lines, a b, and c d. That is, the angle formed by b a, i j, is 
equal to that formed by d o, i J, each half of the given angle 
formed by b a, o d. Otherwise, through any point, a, in a b, draw 
the line, a k, parallel to c d, then, with A as a centre, and with a e 
as a radius, describe the arc, e l, cutting a k in the point, l ; join 
E L, and produce it till it cuts the other given line, c d, in h, then, 
as before, bisect h E by the perpendicular, i J, and it bisects the 
given angle. 

If a given angle is required to be divided into an odd number of 
equal parts, the only practicable method is to describe an arc from 
the apex, as a centre, and to divide the part lying between the 
legs, or its chord, with the compasses, into the number of parts 
required. 

9. To draw a tangent to a given cirde, o b d n, Fig. 10. — ^If it is 
required to draw the tangent through a given point, as d, in the 
circumference of the circle, a radius, o d, must be drawn meeting 
the p(nnt, and be produced beyond it, say to e. Then, by the 
method already given, draw a line, f o, perpendicular to o e, cutting 
it in D, and it will be the tangent required. If, however, it is 
required to draw the tangent through a given point, as a, outside 
the circle, a straight line must be drawn, joining the point, a, and 
the centre, c, of the circle. After bisecting this* line in the point, o, 
with this point as a centre, describe a circle passing through a and 
c, and cutting the given circle in b and h ; right lines joining a f 
and A H will both be tangents to the given circle, and the radii, g b, 
and G H will be perpendiculars to a b and a h respectively. 

Observe that a right angle is always formed by a rectilineal 
tangent, and the radius drawn from the point of contact. Hence,, 
if there be two or more tangents to the same circle, straight line» 
forming right angles with them will meet at the centre of the 
circle. 

If it is required to draw a tangent to a given point in the arc of 
a drde, the centre of which is inaccessible, we proceed thus: 
draw a chord from the given point, a, Fig. 10a, to any other point, 
b, in the arc, and bisect 
the chord, a b, by the per- Fig. lOju 

pendicular, D o. Draw the 
chord, G A, and through the 
point. A, draw the line, 
T A 0, making the angle, 
CAT, equal to the angle, 
cad; t a o, will be 
the tangent required. To 
draw a tangent to a given circle or arc, parallel to a given 
line either within or without the given circle, whether the centre 
is accessible or not, let a c b. Fig. 10a, be the given arc, and 
E F, the given line, within or without the arc, a g b; draw 
parallel to the line, e f, problem 4, any chord, g b, cutting the 
arc, A c b, in g and b, bisect g b by the perpendicular, o h ; and 
through the point of intersection, i, of the perpendicular, o h, with 
the aro, a c b, draw the line, i j, perpendicular to a h, or parallel to 
B G, and produce it in' the direction of k, then j k is the tangent 
required, touching the arc, a g b, and parallel to the given line, e f, 
within or without the circle. 

10. To find the centre of a given circle^ or that with which a given 
arc, as e f g. Fig. 11, m drawn, — Take any three points, s f o, in 
the are, and d^&w the lines, e f, f o. From the centre of each 
chord draw the perpendicular lines, i o and l o ; o, the point of 
intersection of these two lines, is the required centre. 
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11 . To describe a circle through any three points not in a right line. 
— Since only one circle can pass through the same three points, 
and since any circle may be described when the centre is found 
and a point in the circumference given, this problem is solved in 
exactly the same manner as the preceding. 

12. To inscribe a circle in a given triangle^ cu a B c, Fig. 12. — 
A circle is said to be inscribed in a figure, when all the sides of the 
latter are tangents to it Bisect any two of the angles by right 
lines, as A o, B o, or G o ; and from the point of intersection, o, let 
fall perpendiculars to the sides, as o e, of, and o o. These per- 
pendiculars will be equal, and radii of the required circle, o being 
the centre. 

13. To divide a triangle, <m g H i. Fig. 16, into two equal parts. — 
If the parts are not required to be similar, bisect one side, as a i, in 
the point, o, with which, as a centre, describe the semicircle, a k i, of 
which 6 1, is the diameter. This semicircle will be cut in the point, 
K, by the perpendicular, kg; mark off on o i, a distance, a l, equal 
to o K, and draw the line, L M, parallel to h i. The triangle, o l M, 
and the trapezium, H i L H, will be equal to each other, and each 
equal to half the triangle, a h i. If the given triangle were a n i, 
it would also be divided into two equal parts by the line, L u. 

14. To draw a square dovhle the size of a given square, A B c D, 
Fig. 17. — Ailer producing from different comers any two sides which 
are at right angles to each other, as n a and d c, to h and l, with the 
centre, », and radius, d b, describe the quadrant or quarter of a 
circle, F B E, and through the points of intersection, f and e, with the 
lines, D A and d l ; draw parallels to d L and d a respectively, or 
tangents to the quadrant, F b E ; the square, f o e d, will be double 
the area of the given square, a b o d *, and in the same manner a 
square, held, may be drawn double the area of the square, 
f o E D. It is evident that the diagonal of one square is equal to 
one side of a square twice the size. 

15. To describe a circle half the size of a given circle, as A o B D, 
Fig. 18. — ^Draw two diameters, a b and o d, at right angles to each 
other ; join an extremity of each by the chord, a c. Bisect this 
chord by the perpendicular, e f. The radius of the required circle 
will he equal to E o. It follows that the annular space shaded in 
the figure is equal to the smaller circle within it. 

16. To inscribe in given circles, €U in Fig. 19, an equilateral 
triangle and a regular hexagon, — ^First, as to the triangle, o D 
F E, being the given circle, draw any diameter, c f, and with c as a 
centre, describe the arc, D o e, its radius being equal to that of the 
given circle; join d e, E f, and f d, and d e f will be the triangle 
required. As to the hexagon. The side of a regular hexagon is equal 
to the radius of the circumscribing circle, and, therefore, in order to 
inscribe it in a circle, such as K L H, all that is necessary is to mark 
off on the circumference the length of the radius, and, joining the 
points of intersection, as k i L h m j, the resulting figure will be 
the hexagon required. To inscribe figures of 12 or 24 sides, it is 
merely necessary to divide or subdivide the arcs subtended by the 
sides obtained as above, and to join the points of intersection. It 
is frequently necessary to draw very minute hexagons, such as 
screw-nuts and bolt-heads. This is done more quickly by means of 
the angle, D, Fig. 6, of 60° (60° = one-sixth of the circumferenc 
which is 360°), the angle being placed against a rule, B, or the 
T square, s, Fig. 6, in different positions, as indicated in Fig. 19. 

17. To inscribe a square in a given circle, cm A o B D, Fig. 20. — 
Draw two diameters, as a b, c D, perpendicular to one another, and 
join the points of intersection with the circle, and a c B d will be 
the square required. 



18. To describe a regular octagon about a circle having a given 
radius, as o e, Fig. 20. — ^Having, as in the last case, drawn the 
two diameters, e f, oh, draw other two, i J, k L, bisecting the 
angles formed by the former ; through the eight points of intersec- 
tion with the circle, draw the tangents, e, k, g, j, f, l, h, and i, these 
tangents will cut each other and form the regular octagon required. 
This figure may also be drawn by means of the square, and angle 
of 45°, A, Figs. 6 and 20. 

19. To construct a regular octagon of which one side is given, as 
A B, Fig. 21. — ^Draw the perpendicular, o D, bisecting a b ; draw a f 
parallel to o d, produce a b to c, and bisect the angle, c a f, by the 
line, ea, making e a equal to A B. Draw the line, o o, perpen- 
dicular to, and bisecting e a ; o g will cut the line, o D, in o, which 
will be the centre of the circle circumscribing the required octagon. 
This circle being drawn, the octagon may at once be inscribed by 
simply marking off arcs, as e h, H F, &c, equal to a b, and joining 
the pomts, e, h, f, &c. By dividing and subdividing the arcs thus 
obtained we can draw regular figures of 16 or 32 sides. The octagon 
is a figure of frequent application, as for drawing bosses, bearing 
brasses, &c. 

20. To construct a regular pentagon in a given circle, <u a b c d f, 
also a decagon in a given circle, assRU, Fig. 22. — ^The pentagon is 
thus obtained ; draw the diameters, a i, e j^ perpendicular to each 
other ; bisecting o e in k, with k as a centre, and k a, as radius, 
describe the arc, a l ; the chord, a l, will be equal to a side of the 
pentagon, which may accordingly be drawn by making the chords 
which form its sides, as a f, f D, D c, c b, and b a, equal to a l. By 
bisecting these arcs, the sides of a decagon may be at once ob- 
tained. A decagon may also be constructed thus: — Draw two 
radii perpendicular to each other, as o m and o r ; next the tangents 
NB and NM. On the latter, describe a circle having k m for|its 
diameter ; join b, and the centre, f, of this circle, the line, b p, 
cutting this circle in a ; b a, is the length of a side of the decagon, 
and applying it to the given circle, as b 6, &c., the required figure 
will be obtained. 

Note that the distance, r a, or b c, is a mean proportional between 
an entire radius, as b n, or b o, and the difference, c k, between it 
and the radius. A mean proportional between two lines is one 
having such relation to them that the square of which it is the one 
side, is equal to the rectangle, of which the other two are the 
dimensions. Expressed arithmetically, it is the square root of the 
product of two sums : e,g, — 4, is the mean proportional, or geometri- 
cal mean, between 2 and 8, since ^2 X 8 = 4; oras2:4::4:8. 

21. To construct a rectangle of which the sides shall be mean pro- 
portionals between a given line, as ac, Fig. 23, and one a third or 
two- thirds of it, — A c, the given line, will be the diagonal of the 
required rectangle ; with it as a diameter describe the circle, a B c D. 
Divide a c into three equal parts in the points, m, n, and from these 
points draw the perpendiculars, m d, and n b ; the lines which join 
the points of intersection of these lines with the circle, as a b, a u, 
c B, CD, will form the required rectangle, the side of which, c d, is 
a mean proportional between c m and o a, or — 

Cm:CD::CD:CA; 
that is to say, the square of which c d is a side, is equal to a rect- 
angle of which c A is the length, and c m the height, because 

CD XCD = C«> X CA» 
In like manner, ad is a mcau proportional between ca and mA. 
This problem often occurs in practace, in measuring timber. Thus 

* See the notes and rnlea given Mi the end of thts cUftpter. 
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the rectangle iDScribed in the circle, Pig. 23, which may be con- 
sidered as representing the section of a tree, is the form of the 
beam of the greatest strength which can be obtained from that 
tree. 

22. To find a third proportumal to two given lines. — ^A third pro- 
portional is thus found : a b, and c d, being the given lines, Fig. 24, 

draw any angle, as e f a, and fVom 

Fig. 34. the point, f, cut off from f e, a 

*^^'B\ Ml part, F H, equal to a B ; and, again, 

"i^K^ »• ic from F B and f o cut off fl and 

F K, equal to c d. Join h k, and 
through the point, L, draw l m 
parallel to H K. F m is the third 
fc... ^ ^ ^~jt proportional required; that is, 

the ratio of A B to c D, is the same 
as that of c D to F M. Thus, in the instance of two lines, 8 inches 
and 2 inches in length, the third proportional will be aline ^ an inch 
in length, for as 8 : 2 : : 2 : ^. The third proportional in the other 
direction is easily found to be 32 ; for as 2 : 8 : 8 : 32. 

23. To find the arithmetical and harmonical means between two 

given lines. — Two other mean* are employed in geometry, viz., the 

arithmetical mean, and the harmonical mean. The former is half 

the sum of two lines, or, using an arithmetical expression, of two 

sums; thus, 5 is the arithmetical mean between 2 and 8, since 

2 + 8 

— s — = 5. The harmonical mean between two lines is a third 
2 

line, the difference between which and the greater of the two given 

lines bears the same ratio to the difference between it and the less, 

as the greater given line bears to the less. To find the harmonical 

mean between the two 
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lines, A B, AC, Fig. 25, 

describe on b c, the 

difference between the 

\ two given lines, the 

\ semicircle, B f o; b 

\ being its centre; also 

J on A E, as a diameter, 

describe another semi- 
circle, cutting the first in f, and draw D f perpendicular to a b. 
Now, A D will be the harmonical mean between a b and ag, for 
ab:ac::bd:od. 
24. To divide a given line, A B, Pig. 26, in harmonical proportion, 

and in a given ratio; that is to 
find two points, c, D, in a given 
line, AB,8o that A B : a c : : B D : 
c i> : : as the one term : the other 
of the given ratio. — This mode of 
dividing lines is of frequent appli- 
cation in linear perspective. 

Through either end of a B draw 
a line, E o, at pleasure, nearly at 
right angles thereto, and make 
AE, AO, each equal to the larger 
term, and A f equal to the smaller 
term of the given ratio, and join bo. Through f, draw a line 
parallel to a b, cutting b o in h, then a line joining e h, will 
cut A B in c one point ; and another line through h, parallel 
to B G, will cut A B in D, the other point of harmonical division 
of AB. 



Fig. 26. 






APPLICATIONS. 

DESIGNS FOB INLAID PAVEHENT8, CEILINOS, AND BALCONIES. 
PLATE 2. 

The problems just considered are capable of a great variety of 
applications, and in Plate 2 will be found a collection of some of 
those more frequently met with in mechanical and architectural 
constructions and erections. In order, however, that the student 
may perfectly understand the different operations, we would re- 
commend him to draw the various designs to a much larger scale 
than that we have adopted, and to which we are necessarily limited 
by space. The figures are arranged in double rows, the upper row, 
or odd numbers, represent the complete designs, while the under 
row, or even numbers, show the method of forming the outlines of 
the several patterns, which are shown in sharp lines, and to a much 
larger scale than those of the upper row. The working or pencil 
lines required in drawing the patterns are shown in dotted lines 
throughout. 

25. To draw a pavement consisting of equal squares. Figs. 1 and 
2. — Taking ther length, a b, equal to half the diagonal of the re- 
quired squares, mark it off a number of times on a horizontal line, 
as from a to b, b to c, &c. Through a, draw i h perpendicular to 
A c, and draw parallels to it, as d b, o f, &c., through the several 
points of division. On the perpendicular, i h, mark off a number 
of distances equal to a b, and draw parallels to a b, through the 
points of division, as H a, if, &c. A series of small squares will 
thus be formed, and the larger ones are obtained simply by drawing 
the diagonals to these, as shown. 

26. To draw a pavement composed of squares and interlaced rec- 
tangles. Figs. 3 and 4. — Let the side, as c d, of the square be given, 
and describe the circle, l h q b, the radius of which is equal to half 
the given side. With the same centre, o, describe also the larger 
circle, k n p i, the radius of which is equal to half the side of the 
square, plus the breadth of the rectangle, a b. Draw the diameters, 
A c, E D, perpendicular to each other ; draw tangents through the 
points. A, D, c, E, forming the square, J h f o ; draw the diagonals 
J F, a H, cutting the two circles in the points, i, b, k, l, m, n, f, q, 
through which draw parallels to the diagonals. It will be perceived 
that the lines, a b, eg, c d, and D a, are exactly in the centre of the 
rectangles, and consequently serve to verify their correctness. The 
operation just described is repeated, as far as it is wished to extend 
the pattern or design, many of the lines being obtained by simply 
prolonging those already drawn. In inking this in, the student 
must be very carefal not to cross the lines. This design, though 
analogous to the first, is somewhat different in appearance, and is 
applicable to the construction of trellis-work, and other devices. 

27. To draw a Grecian border or frieze. Figs. 5 and 6. — On two 
straight lines, as a B, A c, perpendicular to each other, mark off, as 
often as necessary, a distance, a 1, Sec, representing the width, ef, 
Fig. 6, of the ribbon forming the pattern. Through all the points 
of division, as 1, 2, 3, &c., draw parallels to a b, a c — ^thus forming 
a series of small squares, guided by which the pattern may be at 
once inked in ; equal distances being maintained between the sets 
of lines, as shown shaded in Figs. 5 and 6. This ornament is fre- 
quently met with in architecture, being used for ceilings and 
cornices ; also, in cabinet work, the construction of borders, wood 
and iron gratings, &c. 

28. To draw a pavement composed of squares and regular octa- 
gons, Figs. 7 and 8. — ^With a radius, E o, equal to half the width, 
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X F, of the octagon, describe a circle, K o f h, and draw the octagon 
circiUDscribing it (Problem 18, Fig. 20, Plate 1), the square, a b c d, 
being first obtained, and its diagonals, a c, b s, drawn cutting the 
circle in the points, i, j, K, l, tangents being then drawn through 
these points. The octagon may also be formed by marking off from 
each ooraer of the square, a, b, c, d, a distance equal to a o, or half 
its diagonal, and thereby will be obtained the points of junction of 
the sides of the octagon. The pattern is extended simply by repeat- 
ing the above operation, the squares being formed by the sides of 
four contiguous octagons, which are inclined at an angle of 45° to 
the horizontal lines. This pattern is generally produced in black 
and white marble, or in stones of different colours, whereby the 
effect is distinctly brought out. 

20. To draw a pavement composed of regular hexagons^ Figs. 9 
and 10. — With a radius, a o, equal to a side, a &, of the hexagon 
required, describe a cirole, in which inscribe the regular hexagon, 
A B c D E F, Problem 16, Fig. 19, Plate 1. The remaining hexa- 
gons will readily be obtained by producing, in different directions, 
the sides and diagonals of this one. In Fig. 9, the hexagons are 
plain and shaded alternately, to show their arrangement; but in 
practice they are generally all of one colour. 

30. To draw a pavement composed of trapeziums, combined in 
squares, Figs. 11 and 12. — ^Draw the square, a b c D ; also its dia- 
gonals, A c, B D ; construct the smaller square, abed, concentric 
with the first. On the diagonal, b d, mark the equal distances, o e, 
o/, and through e and / draw lines parallel to the diagonal, a g ; 
join the points of intersection of these with the smaller squares by 
the lines, kl,mn, which will give all the lines required to form 
the pattern, requiring merely to be produced and repeated to the 
desired extent. Very beautiful combinations may thus be formed 
in different kinds of wood for furniture and panels. 

31. To draw a panel design composed of lozenges, Yigs, 13 and 
14— On a straight line, a b, mark off the lengths^ a d, and d b, 
each equal to a side of the lozenge, as a 5, Fig. 13 ; and on a b, 
construct the equilateral triangle, a b c ; draw the line, c d, per- 
pendicular to A b ; and draw a e and b f parallel to D c, and e f 
parallel to ab. Ck>nstruct the equilateral triangle, edf, cutting 
the triangle, A b c, in g and h. and join G H. In this manner are 
obtained the lozenges, a G H d and E g H c, and by continuing the 
lines and drawing parallels at regular distances apart, the remainder 
of the pattern will be readily constructed. 

32. To draw a panel pattern composed of isosceles triangles. Figs. 
15 and 16. — ^If we take the construction as shown in Figs. 13 and 
14, and draw the longer diagonal of each lozenge, we shall obtain 
two of the patterns shown at Fig. 16. Let us, however, suppose 
that the base, a b, of the triangle is given, instead of the side of the 
lozenge: — ^Mark off this length twice on the line, a b, and construct 
the equilateral triangle, aB c, just as in the preceding case *, also the 
second similar triangle, D E F, thus obtaining the points g and H. 
Join A H, g B, s B, and g f, &c., and each point of intersection, as 
I, L, kc, will be the apex of three of the isosceles triangles. The 
pattern, Fig. 15, is produced by giving these triangles various tints. 

The patterns we have so far given are a few of the common arrange- 
ments of various regular polygons. An endless variety of patterns 
may be produced by combining these different figures, and these are 
of great use in many arts, particularly for cabinet inlaid mosaic work, 
as well as for pavements and other ornamental constructions. 

33. To draw an open-work casting^ consisting of lozenges and 
rosetUs, Figs. 17 and 18.-— The lozenge, a 6 c d, or a B c d, being 
given, the points, a, b, c, and D, are each the centre of a rosette ; 



draw and indefinitely produce the diagonals, a c, and B D, which 
must always be perpendicular to each other. Through the points, 
A, B, c, D, draw parallels to these diagonals, also an indefinite 
number of such parallels at equal distances apart. The intersections 
of these lines will be the centres of rosettes and lozenges altemately» 
and the former may accordingly be drawn, consisting merely of circles 
with given radiL The centres of the rosettes are joined by straight 
lines, and to right and left of these, at the given distances,/^,/ A, 
parallels to them are drawn, thereby producing the concentric 
lozenges completing the pattern. 

34. To draw a pattern for a ceiling, composed of small squares or 
lozenges, and irregular but symmetrical octagons. Figs. 19 and 20. - 
The rectangle, a B c d, being given, its comers forming the centres 
of four of the small lozenges, draw the lines, e f, g h, dividing the 
rectangle into four equal parts ; next mark off the semi-diagonals 
of the lozenges, as ai, ao, and join i and o. The centre lines of 
the pattern being thus obtained, the half^breadths, f g, fk, are 
marked on each side of these, and the appropriate parallels to them 
drawn. In extending the pattern by repetition, the points corre- 
sponding to I and o will be readily obtained by drawing a series of 
parallel lines, as 1 1 and o o. By varying the proportions between 
the different dimensions of each, a number of patterns may be pro- 
duced of very different appearance, although formed of these simple 
elements. 

35. To draw a stone balustrade of an open-work pattern, com- 
posed of circular and straight ribbons interlaced. Figs. 21 and 22. — 
Construct the rectangle, abcix, its comers being the centres of 
some of the required circles, which may accordingly be drawn, with 
given radii, as Ab, cd; after bisecting a b in e, and drawing the 
vertical eg, make E f equal to e a, and with f as a centre, draw the 
circle having the radius, rg, equal to Afr, drawing also the equal 
circles at c, b, e, &c Draw verticals, such as ^ A, tangents to each 
of the circles, which will complete the lines required for the part of 
the pattern. Fig. 21, to the left. The rosettes to the right are 
formed by concentric circles of given radii, as e c, e/. The duplex 
pattem, shown at Fig. 21, may be supposed to represent the pattern 
on the opposite sides of a stone balustrade. Where straight lines 
are run into parts of circles, the student must be careful to make 
them join well, as the neatness of the drawing depends greatly on 
this. It is better to ink in the circles first, as it is practically easier 
to draw a straight line up to a circle than to draw a circle to suit a 
straight line. 

36. To draw a pattem for an embossed plate or casting, composed 
of regular figures combined in squares, Figs. 23 and 24. — ^Two 
squares being given, as a B c d and f g h i, concentric, but with the 
diagonals of one parallel to the sides of the other, draw first the 
square, abed, and next the inner and concentric one, efg h. The 
sides of the latter being cut by the diagonals, A c and b d, in the 
points, i, j, k, I, through these draw parallels to the sides of the 
square, A BCD, and finally, with the centre, o, describe a small 
circle, the diameter of which is equal to the width of the indented 
crosses, the sides of these being drawn tangent to this circle. Thus are 
obtained all the lines necessary to deC^neote this pattem ; the relievo 
and intaglio portions are contrasted by the latter being shaded. 

In the fcNregoing problems, we have shown a few of the many 
varieties of patterns produdble by the combination of simple regu- 
lar figures, lines, and circles. There is no limit to the multiplica- 
tion of such designs ; the processes of construction, however, being 
similar to those just treated of, the student will be able to produce 
them with facility. 
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THE PRACTICAL DRAUGHTSMAN'S 



SWEEPS, SECTIONS, AND MOULDINGS. 
PLATE 3. 

37. To draw in a squart a series of arcs, relieved hy semicircular 
mouldings, Figs. 1 and 2. — ^Let a b be a side of the square ; draw the 
diagonals cutting each other in the point, c, through which draw 
parallels, D E, c f, to the aides ; with the comers of the square as 
centres, and with a given radius, a g, describe the four quadrants, 
and with the points, d, f, e, describe the small semicircles of the 
given radius, d a, which must be less than the distance, d h. This 
completes the figure, the symmetry of which may be verified by 
drawing circles of the radii, c o, c h, which should touch, the former 
the larger quadrants, and the latter the smaller semicircles. If, 
instead of the smaller semicircles, larger ones had been drawn with 
the radius, d h, the outline would have formed a perfect sweep, being 
free from angles. This figure is often met with in machinery, and 
may represent the section of a beam, connecting-rod, or frame 
standard. 

38. To draw an arc tangent to two straight lines, mmkivg any angle 
wUh each oilier. — First, let the radius, a ft. Fig. 3, be given ; then 
with A, the point of intersection or apex of the angle, formed by 
the two lines, a b, A c, as a centre, and a radius equal to ah, 
describe arcs, b and c, cutting the given lines, and continued for 
some distances on each side of them. Tangent to these arcs, A and 
0, draw (Problem 4 or 9, Fig. 10a) the lines, b o and c o, parallel to 
A c and A B, respectively, and cutting each other in o, which will be 
the centre of the required arc ; in the oase of the angle, bag, being an 
obtuse angle, these lines, bo, c o, will touch the arcs, b and c, in 
the inside of the given lines or angle, but when it is an acute 
angle, they will touch the arcs on the outside of the given lines 
and angle. Draw perpendiculars from the point, o, to the straight 
lines, A B, AC, meeting them in d and e ; o D or o E, will each 
be radii of the required arc, and D and e will be the points of 
contact with the given lines. Secondly, if a point of contact be 
given, as b. Fig. 5, the lines being A b, a c, making any angle with 
each other, bisect the angle, bag, by the straight line, a d ; draw 
B perpendicular to a b, from the point b, and the point, o, of its 
intersection with A d, will be the centre of the required arc. If, as 
in Figs. 3 and 5, we draw arcs, o h, of radii, somewhat less than 
b, we shall form figures, which stand out from, instead of being 
tangents to, the given straight lines. This problem, as well as 
the following, are necessary for drawing such a figure as that 
shown at Fig. 4, represent' ng the section of a cast-iron beam or frame. 

39. To draw a circle tangent to three given straight lines, which 
make any angles with each other. Fig. 6. — ^Let b A, A g, and n d, be 
the given lines. Bisect the angle formed by the first of these two 
lines, viz., b A c, by the straight line, A e, and also the angle, d c A, 
contained in the two latter, formed by the line, g F. A e and c f 
will cut each other in the point o, which is at an equal distance from 
each side, and is consequently the centre of the required circle, which 
may be drawn with a radius, equal to a line from the point, o, per- 
pendicular to any of the sides. 

40. To draw (lie section of a stair rail, as represented in Fig. 7. — 
This gives rise to the problems considered in Figs. 8 and 9. Let it be 
required to draw an arc tangent to a given arc, as a b, and to the 
given straight line, o d, Fig. 9. Let the point of contact d, in the 
straight line, c d, be given ; secondly, let the point of contact, b, in the 
arc, A b, be given ; and, thirdly, let the radius, b e, of the required 
aro be given: — In the first case, then, through d, the point of 
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contact given in the line, o d, draw e f perpendicular to o D ; make 
F D equal to o b, the radius of the given arc, to the right or left of 
c D, as the case may be, and join o F, through the centre of which 
draw the perpendicular, o E, and the point, e, of its intersection with 
E F, will be the centre of the required arc, and e d the radius. 
Further, join o E, and the point of intersection, B, with the arc, A b, 
will be the point of junction of the two arcs. In the second case, 
join the centre, o, of the given arc. Fig. 9a, and the point of con- 
tact, D, in its circumfer- 
ence, producing it in the 
direction of E, through 
the point of contact, b, 
draw the tangent, b g, 
and if it is not parallel 
to the given line, d g, 
it must form an angle 
with it, and cut it in a 
point, g; bisect this 
angle, b g n (Problem 8, 
Figs. 8 or 8a), and it 
will cut the line, o B, 
produced in a point, E, 
which will, in this case, 
be the centre of the arc 
or circle, required, and 

E B, or a perpendicular, e d, from B, to the line, c D, will be its radius. 
But should B G, be parallel to the given hue, then o b will be at 
right angles to both the given line and B g, and, consequently, will 
cut the given lino when produced in the point of contact, as e, in 
the line, g* d*, and the centre of the required circle will be found by 
simply bisecting the line, be. In the third case, let the radius, 
B E^ or B e, of the required arc be given ; then the given lines, c* n^ 
or G D, must not be further from the circumference of the given arc, 
A B, in a perpendicular line, than twice the given radius, but either 
exactly that or less. Let b e\ be exactly the half of the distance, 
B E, of the perpendicular from the point or centre, o, to the given 
line, c^ d\ cut by the circumference of the given arc, in B, then, as 
in the latter case, the centre of the required circle will be found in 
the centre of the line, b e, by bisecting it. Let the given radius, 
BE, of the required arc, be greater than half the perpendicular 
distance between the circumference of the given arc, and the given 
line, c D. Then draw the line, h i (Problem 4), parallel to o d, and at 
a distance from it equal to the radius, B e, of the required arc, and 
from the centre, o, of the given arc, A b, with a radius equal to that 
of the required arc, plus or minus, as the case may be, of that of the 
given arc, viz., b e, plus o b, or minus ob, when it is the concave 
side, as at A, that it is required to draw the arc tangent to, describe an 
arc cutting the parallel line, H i, in the point, B, which will be the 
centre of the required arc, and e B or e d, its radius. It will be 
seen in these cases, a circle being given instead of an arc, and the 
several lines produced on both sides of it, that two such arcs as that 
required, and two similar ones, can be drawn, viz., one on each side 
of the given line or circle, as the one d b\ subtends that of D b, 
and Q^ E^, bisects the angle, o E^ f\ as o E did that of o B F, on 
the opposite side of the given line, c d. The two similar ones 
can be drawn in the same way at the side, a, of the given circle, 
the line, D c, being produced beyond it. When the point, b, is 
given, the four arcs will be on the same side of the given line 
D 0, which, being produced in the direction of a, will have 
two of the arcs tangent to it, and to the inner or concave side. 
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subtending two on the outer or convex side. Secondly, let 
it be required to draw an arc tangential to a given arc, as A B, 
and to two straight lines, making any angle with each other, 
Fig. 8 ; some part of such arc must fall within the angle formed 
bj these two lines. Bisect the angle, b c d, by the straight line, 
CE ; with the centre, c, and the radius, ch, equal to that of the 
given arc, o A, describe the arc, h o : tangent to h o, and parallel 
to B c draw i h j, cutting e g produced in j. Join o j, the line, o j, 
cutting the arc, h o, in g ; join c o, and draw o k, parallel to G c ; 
the point, k, of its intersection with e j, will be the centre of the 
required arc, and a line, k l, or k m, perpendicular to either of the 
given straight lines will be the radius. An arc drawn from the 
centre, k, with k o, as radius, will join the line, i j, tangentially, 
as well as the arc, G h. 

41. To draw the outline of an acorn as shown in section at Fig. 10. 
—This figure calls for the solution of the two Problems considered 
in Figs. 11 and 12. First, it is required to draw an arc, passing 
through a given point, a, Fig. 11, in a line, a b, in which also is to 
be the centre of the arc, this arc at the same time being a tangent 
to the given arc, c. This is another form of the first case of 
Problem 40, Fig. 9, in which the portion equal to the radius of the 
given arc is cut off to the right hand instead of the left. Make A D 
equal to oc, the radius of the given arc ; join od, and draw the 
perpendicular, f b, bisecting it. b, the point of intersection of the 
latter Hne, with A b, is the centre of the required arc, A e o, A b 
being the radius. Secondly, it is required to draw an arc passing 
through a given point, A, Fig. 12, tangential to a given arc, b c d, 
and having a radius equal to ab. With the centre, o, of the 
given arc, and with a radius, o e, equal to o c, plus the given 
radius, a b. Problem 40, Fig. 9a, radii being given, draw the 
arc, e ; and with the given point. A, as a centre, and with 
a radius equal to a 5, describe an arc cutting the former in e, 
then E will be the centre of the required arc, and its point 
of contact with the given arc will be in c, on the line, o e. 
It will be seen that in Fig. 10, these Problems arise in drawing 
either side of the object The two sides are precisely the same, but 
reversed,, and the outline of each is equidistant from the centre line, 
which should always be pencilled in when drawing similar figures, 
it being difficult to make them symmetrical without such a guide. 
This is an ornament frequently met with in machinery, and in 
articles of various materials and uses. 

42. To draw a wave curve^ formed by arcs^ equal and tangent to 
each oiheVy and passing through given jmnts, a, b, their raditis being 
equal to haff the distance, A B, Figs. 13 and 14. — Join a b, and draw 
the perpendicular, b f, bisecting it in c. With the centres, A and 
c, and radius, a c, describe arcs cutting each other in g, and with 
the centres, b and c, other two cutting each other in h ; g and h 
will be the centres of the required arcs, forming the curve or sweep, 
A c B. This curve is very common in architecture, and is styled the 
cyma recta, 

43. To draw a similar curve to the preceding, hut formed by arcs 
of a given radius, cu A i, Figs. 15 and 16. — Divide the straight line 
into four equal parts by the perpendiculars, e f, a H, and c d ; then, 
with the centre, a, and given radius, a t, which must always be 
greater than the quarter of a b, describe the arc cutting c o in c ; 
also with the centre, b, a similar arc cutting g h in h ; c and h will 
be the centres of the arcs required ; join o h, and it will cut the line, 
A b, or the two arcs, a j, and B j, in their point of contact, j, where 
they join each other tangentially and form the curve, a j B, reqiured. 
W^hatever ba the given radius, provided it is not too small, the centres 



of the arcs will always be in the lines, c d and g h. It will be seen 
that the arcs, c i and h l, cut the straight lines, c d and G H, in two 
iwints respectively. If we take the second points, k, l, as centres, 
we shall form a similar curve to the last, but with the concavity and 
convexity transposed, and called by architects the cyma reversa. 
The two will be found in Fig. 15, the first at a, and the second at 6. 
This figure may represent the section of a door, or window frame, 
and is one well known to carpenters and masons. 

44. To draw a baluster of a duplex contour as represented at Figs. 
17 and 18. — ^It is here necessary to draw an arc tangent to, or 
sweeping into two known arcs, a i and cd, and having its centre in 
a given horizontal, ei. Extend e t to h, making t H equal to on, 
the radius of the arc, c d. Join g h, bisecting g h by a perpendicular ; 
this will cut e H in the point, e, which is the centre of the required 
arc, c i — e t, being its radius. A line joining e g cuts c d in c, the 
point of contact of the two arcs. The arc, D F, which is required to 
be a tangent to o d, and to pass through the point, f, is drawn with 
the centre, o, obtained by bisecting the chord, d f, by a perpen- 
dicular which cuts the radius of the arcs, c D. This curve has, in 
Fig. 17, to be repeated both on each side of the vertical line, mn, 
and of the horizontal line,/^. 

45. To draw the section of a baluster of simple outline, as represented 
at Fig. 19. — We have here to draw an arc passing through two points, 
A, b. Fig. 20, its centre being in a straight line, bc; this arc, more- 
over, requiring to join at D, and form a sweep with another, D e, 
having its centre in aline, fd, parallel to bo. Joining b a, a per- 
pendicular hisecting b a, will cut b o in o, which will be the centre 
of the first arc, and that of the second may now be obtained, as in 
Problem 41, Fig. 9. 

46. The base of the baluster. Fig. 19, is in the form of a curve, 
termed a scotia. It may be drawn by various methods. The 
following are two of the simplest. According to the first, the curve 
may be formed by arcs sweeping into each other, and tangents at a 
and c to two given parallels, a b, c d. Fig. 21. Through a and o 
draw the perpendiculars, c o and a e, and divide the latter into 
three equal parts. With one division, f a, as a radius, describe the 
first arc, a g H ; make ci equal to f a, join i f, and bisect i f by the 
perpendicular, o k, which cuts c o in o. o, will be the centre of the 
other arc required. The line, o H, passing through the centres, o 
and F, will out the arcs in the point of junction, H. It is in this 
manner that the curve at a, in Fig. 19, is obtained. The second 
method is to form the curve by two arcs sweeping into each other and 
passing through the given points, a b, Fig. 22, their centres, however, 
being in the same horizontal hne, c d, parallel to two straight lines, 
E F and B c, passing through the given points. Through a, drtLW 
the perpendicular, a l i, its point of intersection with c d, is the 
centre of one arc, a d. Next draw the chord, b d, the perpendicular 
bisecting, which will cut c n, in o, the centre of the other arc, the 
radius being o d, or o b. This curve is more particularly met with 
in the construction of bases of the Ionic, Corinthian, and Composite 
orders of architecture. 

With & view to accustom the student to proportion his designs to 
the rules adopted in practice in the more obvious applications we 
have drawn the small sections in the top row of this plate in pro- 
portion, but to a small scale, and the corresponding outlines of the 
various parts, to much laiger scales. It must, however, be under- 
stood, that the various problems given are equally capable of 
solution with other data ; and, indeed, the number of applications 
of which the forms considered ai-e susceptible, may be said to be 
innumerable. 
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ELEMENTARY GOTHIC FORMS, OGIVES, AND ROSETTES. 
PLATE 4. 

47. Having solved the foregoing problems, the student may 
now attempt the delineation of more complex objects. He need 
not, however, as yet, anticipate much diflBculty, merely giving his 
chief attention to the accurate determination of the principal lines, 
which serve as guides to the minor details of the drawing. 

It is in Gothic architecture that we meet with the most nu- 
merous applications of outhnes formed by smoothly joined circles 
and straight lines, and we give a few examples of this order in 
Plate 4. . Fig. 1 represents the upper portion of a window, com- 
posed of a series of arcs, combined so as to form what are deno- 
minated cuspid arches. The width or span, a b, being given, and 
the apex, c ; joining a c, c b, draw the bisecting perpendiculars, 
cutting A B in D and E. These latter are the centres of the con- 
centric arcs, which, severally cutting each other on the vertical, 
c y, form the arch of the window. The small interior cuspids are 
drawn in the same manner, as indicated in the figure; the hori- 
zontal, o H, being given, also the span and apices. These interior 
arches are sometimes surmounted by the ornament, m, consisting 
simply of concentric circles. 

48. Fig. 2 represents a quadrant of a Gothic rosette, distinguished 
as radiating. It is formed by a series of cuspid arches and radiating 
mullions. In the figure are indicated the centre lines of the several 
arches and mullions, and in the detail, Fig. 3, the capital, connecting 
the mullion to the arch, is represented drawn to double the scfile. 
With the given radii, a b, a c, a d, a E, describe the different quad- 
rants, and divide each into eight equal part«, thus obtaining the 
centres for the trefoil and quatrefoil ornaments in and between the 
different arches. These ornaments are drawn to a larger scale, in 
Figs. 4, 5, and 6, in which are indicated the several operations 
required. 

49. Fig. 7 also represents a rosette, composed of cuspid arches, 
and trefoil and quatrefoil ornaments, but disposed in a different 
manner. The operations are so similar to those just considered, 
that it is unnecessary to enter into details. 

50. Fig. 8 represents a cast-iron grating, ornamented with Gothic 
devices. Fig. 9 is a portion of the details on a larger scale, from 
which it will be ^een that the entire pattern is made up of arcs, 
straight lines, and^weps formed of these two, the problems merely 
comprehending the division of lines and angles, and the obtaining 
of the various centres. 

51. Fig. 10 represents a rosette, formed by concentric circles, 
the outer ring containing a series of smaller circles, forming an 
interlaced £llet or ribbon. The radius, a o, of the circle, containing 
the centres of all the small circles, is supposed to be given. Divide 
it into a given number of equal parts. With the points of division, 
1, 2, 3, &c., as centres, describe the circles tangential to each other, 
forming the fillet, making the radii of the alternate ones in any 
proportion to each other. Then, with the centre, o, describe con- 
centric circles, tangential to the larger of the fillet circles of the 
radius, a b. The central ornament is formed by arcs of circles, 
tangential to the radii, drawn to the centres of the fillet circles, 
their convexities being towards the centre, o ; and the arcs, joining 
the extremities of tlie radii, are drawn with the actual centres of 
the fillet circles. 

52. Figs. 11 and 12 are sections of pendants or ornaments, such 
as are suspended from the centres of Gothic ceilings. In order to 



draw them, it is only necessary to determine the radii and centres 
of the various arcs composing them. 

Several of the figures in Plate 4 are partially shaded, to indicate 
the degree of relief of the various portions. In this plate are pre- 
sented a few minor difficulties, our object bemg to familiarize the 
student to the use of his instruments, especially the compasses. 
These exercises will, at the same time, qualify him for the 
representation of a vast number of forms met with in architecture 
and machinery. 

OVALS, ELLIPSES, PARABOLAS, VOLUTES, &c. 
PLATE 6. 

53. The ova is an ornament of the shape of an egg, aad is formed 
of arcs of circles. It is frequently employed in architecture, and is 
thus drawn : — The axes, a b and c d, Fig. 5, being gi^en, perpen- 
dicular to each other, with the point of intersection, o, as a centre ; 
first describe the circle, cade, half of which forms the upper por- 
tion of the ova. Joining b c, make c f equal to b e, the difference 
between the radii, o c, o b. Bisect f b by the perpendicular, o h, 
cutting c D in H. h will be the centre, and h c the radius of the 
arc, c J ; and i, the point of intersection of H o with a b will be the 
centre, and i b the radius of the smaller are, i b k, which, together 
with the arc, h k, described with the centre, L, and radius, l d, 
equal to H c, form the lower portion of the required figure ; the 
lines, a H, L K, which pass through the respective centres, dso cut 
the arcs in the points of junction, J and K. This ova will be found 
in the fragment of a cornice, at a, Fig. 1. 

54. The oval differs from the ova in having the upper portion 
symmetrical with the lower ; and to draw it, it is only necessary to 
repeat the operations gone through in obtaining the curve, l b h, 
Fig. 5. 

55. The ellipse is a figure which possesses the following property : 
— The sum of the distances from any point. A, Fig. 6, in the circum- 
ference, to two constant points, b, c, in the longer axis, is always 
equal to that axis, D X. The two points, b,c, are termed /oei. The 
curve forming the ellipse is symmetrical with reference both to the 
horizontal line or axis, d e, and to the vertical line, f a, bisecting 
the former in o, the centre of the ellipse. Lines, as b a, c a, b f, 
c F, &c., joining any point in the circumference with the foci, b and 
c, are called vectora, and any pair proceeding from one point are 
together equal to the longer axis, n e, which is called the transverse^ 
F o being the conjugate axis. There are different methods of draw- 
ing this curve, which we will proceed to indicate. 

56. First Method.— This is based on the definition given above, 
and requires that the two axes be given, as d e and f g, Fig. 6. 
The foci, b and c, are first obtained by describing an arc, with the 
extremity, a or f, of the conjugate axis as a centre, and with a 
radius, f c, equal to half the transverse axis ; the arc will cut the 
latter in the points, b and c, the foci. If now we divide D b un- 
equally in H, and with the radii, d h, e H, and the foci as centres, 
we describe arcs severally cutting each other in i, j, k, a ; these 
four i)oints will lie in the circumference. If, further, we again un- 
equally divide d e, say in l, we can similarly obtain four other 
points in the ciroumferenoe, and we can, in like manner, obtain any 
number of points, when the ellipse may be traced through them by 
hand. The large ellipses which are sometimes required in con- 
structions are generally drawn with a trammel instead of compasses, 
the trammel being a rigid rule with adjustable points. — ^The gar* 
dener's ellipse: To obtain this, place a rod in each of the fod of the 
required ellipse ; round these place an endless cord, which, when 
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stretched by a tracer, will form the yectore ; and the ellipse will 
be drawn by carrying the tracer round, keeping the cord always 
stretched. 

57. Second Method, — ^Take a strip of paper, having one edge 
straight, ssdb, and on this edge mark a length, a b, equal to half 
the transYerse axis, and another length, b c, equal to half the con- 
jugate axis. Place the strip of paper so that the point, a, of the 
longer measurement lies on the conjugate, f o, and the other point, 
c, on the transverse axis, D e. If the strip be now caused to rotate, 
always keeping the two points, a and c, on the respective axes, the 
other point, 5, will, in every position, indicate a point in the cir- 
cumference which may be marked with a pencil, the ellipse being 
afterwards traced through the points thus obtained. 

58. Third Method, Fig. 7. — It is demonstrated, in that branch 
of geometry which treats of solids, as will be seen farther on, that 
if a cone, or cyUnder, be cut by a plane inclined to its axis, the 
resulting section will be an ellipse. It is on this property that the 
present method is based. The transverse and conjugate axes being 
given, a« A B and c d, cutting each other in the centre, o, draw any 
line, A K, equal in length to the conjugate axis, o d, and on A e, as 
a diameter, describe the semicircle, e o A. Join b b, and through 
any number of points, taken at random, on e A, as 1, 2, 3, &c., 
draw parallels to b b. Then, at each point of division, on e A, 
erect perpendiculars, 1 a, 2 6, 3 e, &c., cutting the semicircle ; and, 
at the corresponding divisions obtained on A b, erect perpendiculars, 
as 1^ a*, 2^ 6\ 3^ c^, &o., and make them equal to the corresponding 
perpendiculars on e a. A line traced through the various points 
thus obtained — ^that is, the extremities, a^, &\ e\ &c., of the lines — 
will form the required ellipse. 

59. Fourth Method. — On the transverse axis, A b, and with the 
centre o, describe the semicircle, a F b, the axis forming its dia- 
meter-, and with the diameter, h i, equal to the conjugate axis, 
describe the smaller semicircle, h d i. Draw radii, cutting the two 
semicircles, the larger in the points, t,y, A, /, Sec, and the smaller 
in the points, i\j^y k\ l\ &c. It is not necessary that the radii 
should be at equiangular distances apart, though they are drawn 
so in the plate for regularity's sake. Through the latter points 
draw parallels to the transverse axis, A b, and through the former, 
parallels to the conjugate axis, o d, the points of intersection of 
these lines, as q, r, «, t, &c., will be so many points in the required 
ellipse, which may, accordingly, be traced through them. It follows 
from this, that, in order to draw an ellipse, it is sufficient to know 
either of the axes, and a point in the circumference. Let the axis, 
A B, be given, and a point, r, in the circumference, which must 
always lie within perpendiculars passing through the extremities 
of the given axis. Through r draw a line, rj\ parallel to A b, and 
a line, rj, perpendicular to it ; with the centre, o, and radius, o a, 
equal half the given axis, describe the arc, cutting rj iaj; joinj o, 
and the linej o will cut r j * in j* : o^* will be equal to half the 
conjugate axis, c o. If the conjugate axis, c d, be given, proceed 
as before ; the arc, however, in this case, having the smaller radius, 
o D, and cutting rj^ inj^ ; then join o j S producing the line till it 
cuts rjf which will be in j\ and o j will equal half the transverse 
axis, A B. It has already been shown how to describe ai^ ellipse, 
when the two axes are given. 

We may here give a method invented a short time back by Mr. 
Crane, of Birmingham, for constructing an ellipse with the com. 
passes. This method applies to all proportions, and produces as 
near an approximation to a true ellipse as it is possible to obtain 
by means of four arcs of circles. 



By applying the compasses to any true ellipse, it will be seen that 
certain parts of the curve approach very near to arcs of circles, and 
that these parts are about the vertices of its two axes; and by the 
nature of an ellipse, the curve on each side of either axis is equal 
and similar ; consequently, if arcs of circles be drawn through all 
the vertices, meeting one another in four points, the opposite arcs 
being equal and similar, the resulting figure will be indefinitely 
near an ellipse. Four circles, described from four different points, 
but with only two different radii, are then required. These four 
points may be all within the figure; the centres of the two greater 
circles may either be within or without, but the centres of the two 
circles at the extremities of the major axis must always be within, 
and, consequently, the whole four points can never be without the 
figure. Again, the proportions of the major and minor axes may 
vary infinitely, but they can never be equal ; therefore, any rule 
for describing ellipses must suit all possible proportions, or it does 
not possess the necessary requirements. Moreover, if any rule 
apply to one certain proportion and not to another, it is evident 
that the more the proportions differ from that one, whetiier greater 
or smaller, the greater will be the difference of the result from the 
true one. From this it follows, that if a rule applies not to all, it 
can only apply to one proportion ; and, also, that if it apply to a 
certain proportion and not to another, it can only be correct in 
that one case. 

Let A B be any major axis, and o d any minor axis, in the aooom. 
panying Figs. 14 and 15 ; produce them both in either direction, say 



Fig. 14. 



Fig. 16. 




towards f and h, and make A F equal to c a ; then join c A, and 
through F draw f h parallel to c A. Set off B i, a j, and o k, equal 
to H c ; join j K, and bisect it in b, and at B erect a perpendicular, 
cutting D, or c D produced, at H; then make o e equal to o m; 
J, E, I, M, will be the centres of the four circles required. Through the 
points, J and i, draw ii K, m o, e p, and e q, each equal to m o ; then 
M K and E p will be the radii of the greater circles, and / n, i o, of 
the less : the points of contact will therefore be at N, o, p, q, and 
the figure drawn through A, n, o, o, b, q, o, p, will be the required 
ellipse. 

60. Tangents to ellipses, — ^It is frequently necessary to determine 
the position and inclination of a straight line which shall be a tan- 
gent to an elliptic curve. Three cases of this nature occur: when 
a point in the ellipse is given; when the given point is outside the 
ellipse ; and when a straight line is given, to which it is necessary 
that the tangent should be parallel 

First, then, let the point. A, in the ellipse. Fig. 6, be given; 
draw the two vectors, c a, b a, and produce the latter to m ; bisect 
the angle, mao, by the straight line, np; this line, np, will be 
the tangent required \ that is, it wiU touch the curve in the point, 
A, and in that point alone. 

Secondly, let the given point, l, be outside the ellipse. Fig. 7. 
Join L with i, ike nearest focus to it, and with L as a centre, and a 
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radius equal to L i, describe an arc, H i n. Next, with the more 
distant focus, H, as a centre, and with a^ radius equal to the trans- 
verse axis, A B, describe a second arc, cutting the first in m and k. 
Join M H and n h, and the ellipse will be cut in the points v and x ; 
a straight line drawn through either of these points from the given 
point, L, will be a tangent to the ellipse. 

61. Thirdly, let the straight line, q b, Fig. 6, be given, parallel to 
which it is required to draw a tangent to the ellipse. From the 
nearest focus, B, let fall on q b the perpendicular, s B ; then with 
the further focus, c, as a centre, and with a radius equal to the 
transverse axis, d e, describe an arc cutting B s ins; join c s, and 
the straight line, c a, will cut the ellipse in the point, t, of contact 
of the required tangent. All that is then necessary is, to draw 
through that point a line parallel to the given line, Q b, the accuracy 
of which may be verified by observing whether it bisects the line, 
s B, which it ought to do. 

62. The oval of Jive centres^ Fig. 8. — As in previous cases, the 
transverse and conjugate axes are given, and we commence by 
obtaining a mean proportional between their halves; for this 
purpose, with the centre, o, and the semi-conjugate axis, o c, as 
radius, we describe the arc, oik, and then the semi-circle, A L x, of 
whidi A K is the diameter, and further prolong o c to L, o L being 
the mean proportional required. Next construct the parallelogram, 
A o G 0, the semi-axes constituting its dimensions ; joining c A, 
let fall from the point, o, on the diagonal, o A, the perpendicular, 
a H D— which, being prolonged, cuts the conjugate axis or its 
continuation in d. Having made c m equal to the mean propor- 
tional, L, with the centre, d, and radius, d m, describe an arc, a m 6 ; 
and having also made A h equal to the mean proportional, o l, with 
the centre, H, and radius, h k, describe the arc, n a, cutting the 
former in a. The points, h, a, on one side, and h^ &, obtained in 
a similar manner on the other, together with the point, D, will be 
the five centres of the oval ; and straight lines, b h a, s h^ 5, and 
p a D, Q 5 D, passing through the respective centres, will meet the 
curve in the points of junction of the various component arcs, as at 
b, P, Q, B. 

This beautiful curve is frequently adopted in the constniction of 
arches, bridges, and vaults ; an example of its use is given in Fig. 3. 

63. The parabolaf Fig. 9, is an open curve, that is, one which 
does not return to any assumed starting point, to however great a 
length it may be extended ; and which, consequently, can never 
enclose a space. It is so constituted, that any point in it, d, is at 
an equal distance from a constant point, c, termed the^bctM, and in 
a perpendicular direction, from a straight line, A B, called the 
directrix. The straight line, F o, perpendicular to the directrix, 
A B, and passing through the focus, c, is the axis of the curve, 
which it divides into two symmetrical portions. The point, o, 
midway between f and c, is the apex of the curve. There are 
several methods of drawing this curve. 

64. First method : — ^This is based on the definition just given, 
and requires that the focus and directrix be known, as c, and a b. 
Take any points on the directrix, a B, as a, k, h, i, and through 
them draw parallels to the axis, f a, as also the straight lines, 
AG, EG, HO, I c, joining them with the focus. Draw perpen- 
diculars bisecting these latter lines, and produce them until they cut 
the corresponding parallels, and the points of intersection, 5, c, d, e, 
will be in the required curve, which may be traced through them. 

65. The straight lines which were just drawn, cutting the 
parallels in different points of the curve, are tangents to the curve 
at the several points. If, then, it is required to draw a tangent 



through a given point, c, it is obtained simply by joining e c, 
making H c equal to c g, and bisecting the angle, h c c, by the 
straight line, c d, which will be the required tangent. If the point 
given be apart from the curve, the procedure will be the same, but 
the line ooresponding to r c will not be parallel to the axis. 

66. Second method : — We have here given the axis, a o, the 
apex, a, and any point, /, in the curve. From the point, I, let fall 
on the axis the perpendicular, / o, and prolong this to «, making 
a e equal to 2 o. Divide / o into any number of equal parts, as 
in the points, t, j, k, through which draw jMirallels to the axis ; 
divide also the axis, a o, into the same number of equal parts^ as 
in the points,/, g, h ; through these draw lines radiating from the 
point, e, and they will intersect the parallels in the points^ m, n, o, 
which are so many points in the curve. 

67. If it is required to draw a line tangent to a given parabola, 
and parallel to a given line, j k, we let fall a perpendicular, c l, 
on this last ; this perpendicular will cut the directrix in /», and p n 
drawn parallel to the axis will cut the curve in the point of 
contact, ft. 

We find firequent applications of this curve in oonstructions and 
machinery, on account of the peculiar properties it possesses, 
which the student will find discussed as he proceeds. 

68. The objects represented in Fig. 4 are an example of the 
application of this curve. They are called Parabolic Mirrors, and 
are employed in philosophical researches^ The angles of incidence 
of the vectors, ab, ac, ad, are equal to the angles of reflection of 
the parallels, b b\ c c\ ddK It follows from this property, that if 
in the focus, a, of one mirror, bf, the flame of a lamp, or some 
incandescent body be placed, and in the focus, a^, of the opposite 
mirror, b^f\ a piece of charcoal or tinder, the latter will be ignited, 
thou^ the two foci may be at a considerable distance apart ; for 
all the rays of caloric falling on the mirror, &/, are reflected from it 
in parallel lines, and are again collected by the other mirror, b/^ 
and concentrated at its focus, a^, 

69. To draw an Ionic volute, Fig. 10. — The vertical, A o, being 
given, and this being the length from the summit to the centre of the 
volute, divide it into nine equal parts, and with the centre, o, and 
a radius equal to one of these parts, describe the circle, abed, 
which forms what is termed the eye of the volute. In this circle, 
represented on a larger scale in Fig. 11, inscribe a square, its dia- 
gonals being vertical and horizontal ; through the centre, o, draw 
the lines 1 — 3, and 4 — 2, parallel to the sides, and divide the half 
of each into three equal parts. With the point, 1, as a centre, 
and the radius, 1 A, Fig. 10, draw the arc, A e, extending to the 
horizontal line, 1 e, which passes through the point, 2. With this 
latter point as a centre, and a radius equal to 2 e, draw the next 
arc, extending to the vertical line, 2/, which passes through the 
point, 3, the next centre. The points, 4, 5, 6, &c., form the sub. 
sequent centres ; the arcs in all cases joining each other on a line 
passing through their respective centres. The internal curve is 
drawn in the same way ; the points, 1^ 2^ 3^ &c.. Fig. 12, being 
the centres of the component arcs. The first arc is drawn with a 
radius, 1^ a^ a ninth less than 1 A, and the others are consequently 
proportionately reduced, as manifest in Fig. 10. An example of the 
application of the volute will be found in the capital of an Ionic 
column at Fig. 2. An instrument for drawing volutes was illus- 
trated and described at Fig. 49, page 19. 

70. To draw a curve tangentially joining two straight lines, A B 
and B c. Fig. 13, the points, a and c being the points of junetion, — 
Join A c, and bisecting A c in d, join d with B, the point of inter- 
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section of the lines A B, B c. Bisect B D in e, which will be a point 
in the curve. Join eg, e a, and bisect the lines, eg, e a, by the 
perpendiculars, ah cd] make «/, and «'/*, equal to a fourth part of 
B D ; /and/* will be other two points in the curve. Proceed in the 
same way to obtain the points, g h, and g^ A\ or more if desirable, 
and then trace the curve through these several points. This 
method is generally adopted by engineers and constructors, and 
examples of the curve will be met with in railways, bridges, and 
embankments, and wherever it is necessary to connect two straight 
lines by as regular and perfect a curve as possible. It is also par- 
ticularly applicable where the scale is large. 



RULES AND PRACTICAL DATA. 

LINES AND SURFACES. 

71. The standard British unit of length in ascertaining the 
dimensions of bodies is the yard ; but in calculations as to motions 
and forces the unit of length commonly used is the foot, the third 
part of a yard ; and in expressing the dimensions of machinery the 
unit of length usually employed is l^e inch — the twelfth part of a 
foot. The fractions of an inch are stated either in eighths of an inch 
or in decimal parts. Calculations would be much facilitated if 
all our measures were constructed on the decimal principle. 

A square yard contains nine square feet and 1296 square inches. 
A square foot contains 144 square inches. 

72. Measurement of surfaces, — The surface or area of a square, 
as well as of all rectangles and parallelograms, is expressed by the 
product of the base or length, and height or breadth measured 
perpendicularly from the base. Thus the area of a rectangle, the 
base of which measures 12 feet and the height 4 feet, is equal to 

12 X 4 = 48 square feet. 

The area of a rectangle being known, and one of its dimensions, 
the other dimension may be obtained by dividing the area by the 
^ven dimension. 

Example, — ^The area of a rectangle being 48 square feet, and the 
base 12 feet, the height is 

^ = 4 feet. 
12 

This operation is constantly needed in actual construction ; as, for 

instance, when it is necessary to make a rectangular aperture of a 

certain area, one of the dimensions being predetermined. 

The area of a trapezium is equal to the product of half the sirni 

o/ the parallel sides into the perpendicular breadth. 



Example, — ^The parallel sides of a trapezium being respectively 
5 feet and 7 feet, and the breadth 8 feet, the area will be 

-5-±-I X 8 = 48 feet. 
2 

The area of a triangle is obtained by multiplying the base by 
half the perpendicular height. 

Example, — The base of a triangle being 12 inches, and the per- 
pendicular height 10 inches, the area will be 

12 X -- = 60 sq. inches. 
2 ^ 

The area of a triangle being known, and one of the dimensions 

given — that is, the base or the perpendicular height — the other 

dimension can be ascertained by dividing double the area by the 

given dimension. Thtis, in the above example, the division of 60 

sq. inches X 2, by the height 10 inches, gives for quotient the base 

12 inches, and its division by the base 12 inches gives the height 

10 inches. 

73. It is demonstrated in geometry that the square of the hypo- 
thenuse, or longest side of a right-angled triangle, is equal to the 
sum of the squares of the two sides forming the right angle. It 
follows from this property, that if any two of the sides of a right- 
angled triangle be given, the third may be at once ascertained. 

First, if the sides forming the right angle be given, the hypo- 
thenuse is determined by adding together their squares, and ex- 
tracting the square root. 

Example, — ^The side, A B, of the triangle, ABC, Fig. 16, Plate 1, 
being 3 feet, the side, B c, 4 feet, the hypothenuse, A c, will be 
A c = v/3^ + 4« = ^9 + 16 = V25 = 5 feet. 

Secondly, If the hypothenuse, as A c, be known, and one of the 
other sides, as A B, the third side, B c, will be equal to the square 
root of the difference between the squares of A c and A B. 

Thus, assuming the above measures — 

B c = V25 —"9 = v/i6 = 4 feet. 
The diagonal of a square is always equal to one of the sides mul- 
tiplied by v/2 ; therefore, as V2 = 1414 nearly, the diagonal is 
obtained by multiplying a side by 1*414. 

Example, — The side of a square being 6 feet, its diagonal 
= 6 X 1-414 = 8-484 feet 
The sum of the squares of the four sides of a parallelogram are 
equal to the sum of the squares of its diagonals. 

74. Regular polygons, — The area of a regular polygon is ob- 
tained by multiplying its perimeter by half the apothem or perpen. 
dioular, let fall from the centre to one of the sides. 



table of angles and MULTIPLIEIIS FOR REGULAR POLTGONS OF FROM 3 TO 12 SIDES. 



Namu. 



Triangle, Trigon,.. 
Square, Tetragon,. 

Pentagon, 

Hexagon, 

Heptagon, 

Octagon, 

Enneagon, 

Decagon, 

Hendecagon, 

Dodecagon, 





A 


b 


C 


D 


K 


F 


G 


No. of 


Length of 
R«diu«, 


Length of 


Length of 


Multiplier 




Internal Angle 


Length of 


Sid««. 


Side, 


Radius, 


for Aieas, 


Anglo of Centre 


of 


iis;?:?i. 




Aputhem»l. 


Radiuii » 1. 


SIde=»I. 


Side « 1. 




Adjacent Side». 


3 


2000 


1-730 


•579 


•433 


120" 0' 


60" 0' 


-5000 


4 


1-414 


1-412 


•705 


1000 


90"* 0' 


90" 0' 


•7071 


5 


1-238 


1174 


•852 


1-720 


72" 0' 


108" 0' 


-8090 


6 


1 156 


radius. 


side. 


2 598 


60" Of 


120" 0^ 


-8660 


7 


Mil 


•867 


1160 


3634 


51" 25'^ 


128" 34'« 
135" Of' 


•9010 


8 


1080 


•765 


1-307 


4-828 


45" 0" 


•9239 


9 


1-062 


•681 


1-470 


6-182 


40" 0' 


140" 0' 


•9397 


10 


1050 


•616 


1-625 


7-694 


36" (y 


144" 0^ 


•9511 


11 


1040 


•661 


1777 


9-365 


32" 437t 


147" 167j- 


•9596 


12 


1037 


•516 


1-940 


11196 


30" 0' 


150" 0* 


•9659 
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A regular polygon of 5 sides, one of which is 9 inches, and the 
perpendicular distance from the centre to one of the sides 6 inches, 
will have for area — 

9 X 5 X 4- = 135 inches. 
2 

The area of an irregular polygon may be obtained by dividing it 

into triangles, rectangles, or trapeaiums, and then adding together 

the areas of the various component figures. 

By means of this table, we can easily solve many interesting 
problems connected with regular polygons, from the triangle up to 
the dodecagon. Such are the following : — 

First, 7%e width of a polygon being giten^ to find the radius of 
the eireumseribing circle, — When the number of sides is even, the 
width is understood as the perpendicular distance between two 
opposite and parallel sides; when the number is uneven, it is twice 
the perpendicular distance from the centre to one side. 

jjui^.—Multiply half the width of the polygon by the factor in 
column A, corresponding to the number of sides, and the produot 
will be the required radius. 

Example, — ^Let 18*5 feet be the width of an octagon; then, 

— X 1-08 = 9-99 feet 
2 

or say 10 feet, the radius of the circumscribing circle. 

Second, ITte radiue of a circle being given, to find the length of 
the tide of an inscribed polygon, 

jRule, — ^Multiply the radius by the factor in column B, corre- 
sponding to the number of sides of the required polygon. 

Example, — ^The radius being lO feet, the side of an inscribed 
octagon will be — 

10 X -765 = T-eS feet 

Third, The side of a polygon being given, to find the radius of the 
circumscribing circle. 

Rule, — ^Multiply the side by the factor in column C, correspond- 
ing to the number of sides. 

Example, — ^Let 7 feet be the side of an octagon ; then, 
7 X 1-307 = 8-149 feet 

Fourth, The side of a polygon being given, to find the area, 

Bute, — ^Multiply the given side by the factor in column D, corre- 
sponding to the number of sides. 

Example. — The side of an octagon being 7 feet, the area will be — 
7 X 4-828 = 33-796 sq. feet 

Fifth, Required to describe a pentagon in a given circle, — Take 
1*174 in column B from the scale, the unit of which is equal to the 
radius, and step round the circumference five times. The angular 
points of the pentagon will thus be found. 

Sixth, Required to describe a heptagon on a given line, — The 
given line being the unit of a scale, take off from it the distance 
1-160 in column C, and construct on the line an isosceles triangle, 
having that distance for the sides. The vertex will be the centre 
of the circle circumscribing the required heptagon. 

Seventh, Required to ascertain the perimeter of a decagon. — The 
radius of the circle being unity, multiply the number -616 in column 
B by 10, and the product will be the perimeter. 

THE CniCUMFERENCE AND AREA OF A CniCLE. 

75. If the circumference of any circle be divided by its diameter, 
the quotient will be a number which is called the ratio of the cir- 
cumference to the diameter. This ratio cannot be expressed in 
whole numbers, but it is found to be, approximately — 
3-1416, or 22 : 7 ; 



that is, the circumference equals 3*1416 times the length of the 
diameter. This number is expressed, in algebraic formulas, by the 
Greek letter t [pi). Thus, if C represents the circumference of a 
circle, and D its diameter, the formula, 

C rrir D, or C = 31416 X D, 
expresses the development of the circumference. For example, if 
the diameter of a circle, or D, = 24 feet, or the radius, R = 12 
feet, the circumference will be equal to— 

31416 X 24, or 3-1416 X 12 X 2 = 76-3984 feet 
The circumference of a circle being known, its diameter, or radius 
is found by dividing this circumference by 3*1416 for the former, 
or 6-2832 for the latter. Thus, the diameter, D, of a circle, the 
circumference of which is 75-3984, is — 

7^5^3984 ^24 feet 
31416 

and the radius, R, is — 

7^3984 ^12 feet 
6-2832 

The area of a circle is found by multiplying the circumference by 

half the radius, — This rule is expressed iu the following formula;- 

The area of a circle = 2 t R X 



-^=irR^ 
2 



This term, w R', is merely the simplification of the formula. 
The number 2, being both multiplier and divisor, may be can- 
celled, and the product of R into R is expressed by R-, or the 
square of the radius. It follows, then, that the area of a circle is 
equal to the square of the radius multiplied by the circumference, 
or 3-1416. 

Example, — ^The radius of a circle being 12 feet, the area will be— 
3-1416 X 12 X 12 = 452-3904 sq. feet 

The area of ar circle being known, the radius is determined by 
dividing the area by 3*1416, and extracting the square root of the 
quotient 

Example. — ^The area of a circle being 452-3904 sq. feet, the 
radius is — 

^452-3904 ^12 feet 
y 3-1416 

The area of a circle may be derived from the diameter ; thus— 



Area =: 



irD X D 



then, since — or 



3-1416 



D» 



= -7854, 



4 4 

the formula resolves itself into 

, area = -7864 X D'. 
That is to say, if we multiply the fraction, '7854, by the square of 
the diameter, the product will be the area. 

Example, — The area of a circle, the diameter of which measures 
2 feet, is — 

•7854 X 2 X 2 = 3131 6 sq. feet 

It follows from this, that if the area of a square is known, that 

of an inscribed circle is obtainable by multiplying by -7854 ; that 

is, the area of a square is, to the area of the inscribed circle, as — 

4 : 31416, or 1 : 7854. 

TABLE OF FACTORS RELATING TO THE CIRCLE WHEN DL4METER = 1. 



Circumference (ir) = 3*1416. 
Circumference X 2 = 6*2832. 
Circumference -r 2 = 1*5708. 
Circumference -r 12 = 0-2618. 
Circumference -r 360 = 0-0087. 



Unity -7- circumf. = 0-3183, 

2 -T"Circumf. = 0-6366. , 

360 -r- circumf. = 114-5915. 

Area = 0-7854. 
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TABLE OF AFPBOXIMATE RATIOS BETWEEN CIBCLES AND SQUARES. 



1. The diameter of a circle, X '8862 > 

2. The circumference of a circle, X '2821 > ' 

3. The diameter, X •7071 \ 

4. The circumference, X '2261 ) ' 

5. The area of a circle, X '6366 = 

6. The side of an inscribed square, X 1'4142 

7. " " " X 4-4430 = 

8. The side of a square, X 11280 = 

9. " " X 3-5450 « 



the side of a square of nearly equal area. 

the side of the inscribed square. 

the area of the inscribed square. 

the diameter of the circumscribing circle. 

the circumference of the circumscribing circle. 

the diameter of an equal circle. 

the circumference of an equal circle. 



The above table affords a ready solution of the following amongst 
other problems : — 

First, the diameter of a circle being 125 feet, the side of a square 
of equal area is 

125 X -8862 = 110-775 feet. 

Seoond, The circumference of a circle being 860 feet, the side of 
the inscribed square is 

860 X -2251 = 193-586 feet. 

Third, The side of a square bemg 215-86 feet, the diameter of 
the circumscribing circle is 

215-86 X 1-4142 = 305-27 feet 
The radii and diameters of circles are to each other as the circum- 
ferences, and vice versSL The areas, therefore, of circles are to each 
other as the squares of their respective radii or diameters. 

It follows, that if the radius or diameter be doubled, the circum- 
ference will only be doubled, but the area will be quadrupled ; thus, 
a drawing reduced to one-half the length, and half the breadth, 
only occupies a quarter of the area of that from which it is reduced. 

76. Sectors — Segments, — ^In order to obtain the area of a sector 
or segment, it is necessary to know the length of the arc 
subtending it. This is found by multiplying the whole circum- 
ference by the number of degrees contained in the arc, and 
dividing by 360". 

Example. — The circumference of a circle being 12 feet, an arc of 
45' will be 

12 X 45 



360 



: 1-5 feet. 



The length of an arc may be obtained approximately when the 
chord is known, and the chord of half the arc, by subtracting the 
chord of the whole arc from eight times the chord of the semi-arc, 
and taking the third of the remainder. 

Example. — The chord of an arc being 344 inches, and that of 
half the arc 198 inches, the length of the arc is 

lgg>^Q-^ = 413-33 inches. 
3 

The area of a sector is equal to the length of the arc multiplied into 

half the radius. 

Example. — The radius being 10 inches, and the arc 4*8 ; 



10 X 4-8 _ 



24 inches, the area of the sector. 



The area of a segment is obtained by multiplying the width ; that 
is, the perpendicular between the centre of the chord, and the centre 
of the arc, by -626, then adding to the square of the product the 
square of half the chord, and multiplying twice the square root of 
the sum by two-thirds of the width. 



Example. — Let 48 inches be the length of the chord of the arc, 
and 18 inches the width of the arc, then we have 

18 X -626 = 11-268, and (11-268)' = 126-9678 ; whilst 

(^ Y= 576 ; therefore, 2 X v/126-9678 + 576 x ^ ^ ^^ = 636-24 

sq. inches, the area of the segment 

The area of a segment may also be obtained very nearly by 
dividing the cube of the width by twice the length of the chord, 
and adding to the quotient the product of the width into two thirds 
of the chord. Thus with the foregoing data, we have 
18' 



and, 



48X2 
48 X 2 X 18 , 



.= 60-75 



636-75 



Total, 636-75 sq. inches. 
A still simpler method, is to obtain the area of the sector of which 
the segment is a part, and then subtract the area of the triangle 
constituting the difference between the sector and segment. 

To find the area of an annular space contained between two con- 
centric circles, multiply the sum of the diameters by their difference, 
and by the fraction '7854. 

Example. — ^Let 100 inches and 60 inches be the respective 
diameters ; then, (100 + 60) X (100 — 60) X '7854 = 6026-56 
sq. inches, the area of the angular space. 

The area of a fragment of such annular space will be found by 
multiplying its radial breadth by half the sum of the arcs, or, more 
correctly, by the arc which is a mean proportional to them. 

CIBCUMFRBENCB AND ABEA OF AN KLLIP8B4 

77. The circumference of an ellipse is equal to that of a circle^ of 
which the diameter is a mean proportional between the two axes; 
therefore it will be obtained by multiplying such mean proportional 
by 3*1416, the ratio between tlie diameter and circumference of a 
circle. 

Example. — ^Let 10 inches and 6*4 inches be the lengths of the 
respective axes ; then,. 

V^IO X 6*4 X 3-1416 = 25-1328 sq. inches. 

The area of the ellipse is obtained by multiplying the product of 
the two axes by '7854, the ratio between the diameter and the area 
of the circle. 

-Eramj>/«.— 10 X 6-4 X-7854 = — 50-2656 sq. inches. 

These rules meet with numerous applications in the industrial 
arts, and particularly in mechanics, as will be seen farther on. 
The examples given will enable the student to understand ^he 
various operations, as well as to solve other analogous problems. 

o 
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C3HAPTER IV. 
THE STUDY OF PROJECTIONS. 



78. To indicate all the dimensions of a solid object b^ pictorial 
delineation, it is necessary to represent it under several different 
aspects. These various views are comprehended under the general 
denomination of Projections^ and usually consist of elevations, plans, 
and sections. The object, then, of the study of projections, or 
descriptive geometry, is the reproduction on paper of the appearances 
presented by any body of several dimensions when viewed from 
different positions. 

It is customary to determine the projections of a body on two 
principal planes, one of which is distinguished as the horizontal 
plane or plan, and the other as the vertical plane or elevation. These 
two views are also called geometric projections or plana. They are 
annexed to each other, the horizontal plan being the lower ; the 
line intersecting them is called the base Une, and Is always parallel 
to one of the sides of the drawing. 

It is of great importance to have a knowledge of the elementary 
principles of descriptive geometry, in order to be able to represent^ 
in precise and determinate f(»rms, the contours of objects ; and we 
shall now enter upon such explanatory details a« are necessary, 
commencing with tiie projections of a point and of a line. 



ELEMENTARY PRINCIPLES. 

THB PBOJBOTIOKB OF ▲ POINT. 
PLATE 6. 

79. The young student ought to lay off the marginal line, A B c D, 
and also the centre lines, 1 2, and 3 4, as described in reference to 
Plate 1, on a large sheet of paper, and project the figures given in 
the first and third rows of this Plate, to a scale of twice or three 
times that shown in the second or fourth rows. Although this 
might at first seem too simple a task ; yet, still great good will result 
from the simple practice of projecting these figures, as it will 
familiarise the mind with the principles, and also with the transfer 
of the several measurements to their proper plane of projection. 

Let A B c D^ Figs. 1 and 2, be a horizontal plane — representing, 
for example, the board on which the drawing is being made, or the 
surface of a piece of pavement Also, let a b b f, be a vertical plane, 
such as a wall at one side of the piece of pavement ; the straight 
line, which is the intersection of these two planes, is the base line. 
These two planes, namely, the horizontal and vertical, are at right 
angles to each other, and are represented by the same letters in all 
the figures of this small plate. Finally, let o, be any point in space, the 
representation of which it is desired to draw. If, from this point, 
o, we suppose a perpendicular, o ^, to be let fall on the horizontal 
plane, the point of contact, g, or the foot of this perpendicular, will 
be what is understood as the horizontal projection of the given 
point. Similarly, if from the point, o, we suppose a perpendicular, 
o^\ to be let fidl on the vertical plane, a b b f, the point of contact, 
g\ or foot of this perpendicular, will be the vertical projection of 
the same point. These perpendiculars are reproduced in the vertical 
and horizontal planes, by drawing lines, ^ a, <uid a g, respectively 
parallel and equal to o^, and o/. 

80. It follows from this construction, that, when the two projec- 
tions of any point are given, the position in space of the point itself 



18 determinable, it being neoeeaarily the point of intersection of 
perpendicuLars erected on the respective projections of the given 
point. 

In drawing, only one surface is employed, namely, a sheet of 
paper. We are consequently limited to one and the same plane, 
and it is customary to make the vertical plane, abef, Fig. 1, 
form a continuation of the horizontal plane, A b c d, being turned 
on the base line, A b, as on a hinge, so as to coincide with it— just 
as a book, half open, can be fully opened and laid flat on a table. 
We thus obtain the fignre, n c e f, Fig. 2, representing on the 
paper the two planes of projection, separated by the base Hne, A B, 
and the points, g, ^*, Fig 2, represent the horizontal and vertical 
projections of the given point. 

It will be remarked, that theae points lie in one line, peipendicnlar 
to the base line, A B ; this is because, in the turning down of the 
previously vertical plane, the line, a^, becomes a prolongation of 
the line, a g. It is necessary to observe, that the line, a g\ measures 
the distance of the point from the horizontal plane, whilst ag, 
measures its distance from the vertical plane. In other words, if 
on g, we erect a perpendicular to the horizontal plane, and measure 
the distance, a g^, on this perpendicular we shall obtain the exact 
position of the point in space. It is thus obvious that the position 
of a point in space is determinable by means of two projections, 
these being in planes at right angles to each other. 

THB PROJBCnONB OF A STBAIOBT USHL 

81. As a general rule, if, from several points in the givmi line, 
perpendiculars be let fall on to each of the plitnes of projection, and 
their points of contact with these planes be joined, the resulting 
lines will be the respective projections of the given line. 

When the line is straight, it will be sufficient to find the pro- 
jections of its extreme points, and then join these respectively by 
straight lines. 

82. Let o H, Fig. 3, represent a given straight line in space, which 
we shall suppose to be, in this instance, perpendicular to the hori- 
zontal, and, consequently, parallel to the vertical plane of projection. 
To obtain its projection on the latter, perpendiculars, g\ H h\ 
must be let fall from its extremities, o, H ; the straight line, g^ A\ 
joining the extremities of these perpendiculars, will be the required 
projection in the vertical plane, and in the present case it will be 
equal to the given line. 

The horizontal projection of the given line, o h, is a mere 
point, g, because the line lies wholly in a perpendicular, a ^, to the 
plane, and it is the point of contact of this line which constitutes 
the projection. In drawing, when the two planes are converted 
into one, as indicated in Fig. 4, the horizontal and vertical projec- 
tions of the given right line, g H, are respectively the point, g, and 
the right line, ^* hK 

83. If we suppose that the given straight line, a h, is horizontal, 
and at the same time perpendicular to the vertical plane, as in Figs. 
5 and 6, the projeotioas will be similar to the last, but transposed ; 
that is, the point, h\ will be the vertical, whilst the straight line, 
g A, will be the horizontal projection. 

In both the preceding cases, the projections lie in the same 
perpendicular line, g^ g, Fig. 3, and h^ h, Fig. 6. 
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84. "Wlien the giTen straight line, a h, is parallel to both the 
horizontal and the vertical plane, as in Figs. 7 and 8, its two projeo. 
tions, g h and g^ A\ will be parallel to the base line^ and they will 
each be equal to the given line. 

85. When the given straight line, o H, Figs. 9 and 10, is parallel 
to the vertical plane, A b s f, only, the vertical projection, g^ h\ 
will be parallel to the given line, whilst the horizontal projection, 
g A, will be parallel to the base line. Inversely, if the given straight 
line be parallel to the horizontal plane, its horizontal projection will 
be parallel to it, whilst its vertical projection will be parallel to the 
baseline. 

86. Finally, if the given straight line, o h, Figs. 11 and 12, is 
inclined to both planes, the projections of it, g h, g^ h\ will both 
be inclined to the base line, ▲ B. These projections are in all cases 
obtained by letting fall, from each extremity of the line, perpen- 
diculars to each plane. 

The projections of a straight line being given, its position in 
space is determined by erecting perpendiculars to the horizontal 
plane, from the extremities, g A, of the projected line, and making 
them equal to the verticals, a g^ and b hK The same result follows, 
if from the points, g^ h\ in the vertical plane, we erect perpendicu- 
lars, respectively equal to the horizontal distances, g a and h b. The 
free extremities of these perpendiculars meet each other at the 
respective extremities of the line in space. * 

THB PBOJECnONS OF ▲ PLANE SURFACE. 

87. Since all plane surfaces are bounded by straight lines, as 
soon as the student has learned how to obtain the projections of 
these, he wiU be able to represent any plane surface in the two 
planes of projection. It is, in fact, merely necessary to let fall 
perpendiculars to each of the planes, from the extremities of the 
varioiu lines bounding the surface to be represented; in other 
words, from each of the angles or points of junction of these lines, 
by which means the corresponding points will be obtained in the 
planes of projection, which, being joined, will complete the repre- 
sentations. It is by such means that are obtained the projections 
of the square, a H u, represented in different positions in Figs. 13, 
14; 15, 16; and 17, 18. It will be remarked, that, in the two first 
instances, the projection Is in one or other of the planes an exact 
counterpart of the given square, because it is parallel to one or 
other of the planes* 

88. Thus, in Fig. 13, We have supposed the given surface to be 
parallel to the horizontal plane ; consequently, its projection in that 
plane will be a figure, g h ij, equal and parallel to itself, whilst 
the vertical projection will be a straight line, h^ i\ pahdlel to the 
base line, A B. 

89. Similarly, in Fig. 15, the object being supposed to be parallel 
to the vertical plane, its projection In that plane will be the equal 
and parallel figure, g^ h^ t^ /^ whilst that in the horizontal plane 
will be the straight line, g A. When the two planes of projection 
are converted into one, the respective projections will assume the 
forms and positions represented in Figs. 14 and 16. 

90. If the given surface is not parallel to either plane, but yet 
perpendicular to one or the other, its projection in the pbme to 
which it is perpendicular will still be a straight line, as A^ t^ Figs. 
17 and 18, whiUt its projection in the other plane will assume the 
form, g A i /, being a representation of the object somewhat fore- 
shortened in the direction of the inclination. 

The cases just treated of hate been those of rectangular surfaces, 
but the same principles are equally applicable to any polygonal 



figures, as may be seen in Figs. 23 and 24, which will be easily 
understood, the same letters in various characters indicating corre- 
q)onding points and perpendiculars. Nor does the obtainment of 
the projections of surfaces bounded by curved lines, as circles, 
require the consideration of other principles, as we shall proceed to 
show, in reference to Figs. 19 and 20. 

91. In the first of these. Fig. 19, the circular disc, o h u, is sup- 
posed to be parallel to the vertical plane, a b £ f, and its projection 
on that plane will be a circle, g^ A^ »* j*, equal and parallel to itself, 
whilst its projection on the horizontal plane, a b c d, will be a 
straight line,/ ^ A, equal to its diameter. If, on the other hand, 
the disc is parallel to the horizontal plane, as in Figs. 21 and 22, its 
vertical projection will be the straight line, t^ A^ g\ whilst its hori- 
zontal projection will be the circle, g A ij. 

If the given circular disc be inclined to either plane, its projec- 
tion in that plane vrill be an ellipse ; and if it is inclined to both 
planes, both projections will be ellipses. This will be made evi- 
dent by obtaining the projections of various points in the circum- 
ference. 

92. When constructing the projections of regular figures, it 
facilitates the process considerably if projections of the centres and 
centre Imes be first found, as in Figs. 19, 21, and 23. 

In general, the projection of all plane surfaces may be found, 
when it is known how to obtain the projections of points and 
lines. And, moreover, since solids are but objects bounded by 
surfaces and lines, the construction of their projections follow the 
same rules. 



PRISMS AND OTHER SOLIDS. 
PLATE 7. 

93. Before entering upon the principles involved in the represen- 
tation of solids, the student should make himself acquainted with 
the descriptive denominations adopted in science and art, with 
reference to such objects; and we here subjoin such as will be 
necessary. 

Definitionb. — ^A solid is an object having three dimensions; that 
is, its extent comprises length, width, and height, A solid also 
possesses magnitude, volume, or capacity. 

There are several forms of solids. The polyhedron is a solid, 
bounded by plane surfaces ; the cone, the cgHnder, and the sphere, 
are bounded by curved surfaces ; and those are termed eolids ofrevo- 
hUion, which may be defined as generated by the revolution of 
a plane about a fixed straight line, termed the aaeis. Thus, a ring, 
or annular tortu, is a solid, generated by the revolution of a circle 
about a straight line, lying in the plane of the circle, and at right 
angles to the plane of revolution. A prism is a polyhedron, the 
lateral faces of which are parallelograms, and the ends equal and 
parallel polygons. A prism is termed right, when the lateral faces, 
OT facets, are perpendicular to the ends; and it is regular, when the 
ends are regular polygons. A prism is also called a paraUelopiped, 
when the ends are rectangles, or parallelograms ; and when it is 
formed of six equal and square facets, it is termed a cube^ or regular 
hexahedron. This solid is represented in Fig. 1. Other regular 
polyhedra, besides the cube, are distinguished by appropriate 
names ; as, the tetrahedron, the octahedron, and the icosahedron, 
which are bounded externally, respectively, by four, eight, and 
twenty equilateral triangles; and the dodecahedron, which is termi- 
nated by twelve regular pentagons. A pyramid is a polyhedron, 
of which all the lateral facets are triangles, uniting in one point, 
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the apeXf and haying, as bases, the sides of a polygon, which is the 
base of the pyramid, as Fig. 7. The prism and pyramid are trian- 
gular, quadrangular, pentagonal, hexagonal, &c., according as the 
polygons forming the bases are triangles, squares, pentagons, 
hexagons, &c. 

By the height of a pyramid is meant the length of a perpendicular 
let fall from the apex on the base ; the pyramid is a right pyramid 
when this perpendicular meets the centre of the base. 

A truncated pyramid, or the frustum of a pyramid, is a solid 
which may be described as a pyramid having the apex cut off by 
a plane parallel, or inclined to the base. 

The term cylinder is sometimes applied to the surface generated 
by a straight line, reyolving about, and at a given distance from, a 
rectilinear axis to which it is parallel ; and sometimes to the solid, 
generated by a rectangle revolving about one of its sides as an axis. 
It is called a right cylinder when the axis is perpendicular to the 
base, as that shown at Fig. 13. 

A conef Fig. 16, is a solid generated by an angle revolving about 
one of the limbs containing that angle as an axis. A truncated 
cone is one which is terminated short of the apex by a plane paral- 
lel, or inclined to the base. This solid is also called the fruetum 
(t.0., the fragment) of a cone. A cone is said to be right when its 
base is a circle, and when the axis is at right angles to, and falls 
in the centre of, the base. 

A sphere is a solid generated by the revolution of a semicircle 
about its diameter as an axis, as Fig. 19. 

A spheric sector is a solid generated by the revolution of a plane 
sector, as 0^ L E^ Fig. 20, about an axis, a b, which is any diame- 
ter of the sphere of which the sector forms a part When the axis 
of revolution is exterior to the generating sector, the spheric sector 
obtained ¥nll be annular or zonic. The zone described by the arc, 
L s', is the base of the spheric sector. The zone becomes a spheric arc 
when the axis of revolution is one of the radii forming the sector. 

A spheric wedge, or ungula, is any portion, as i h o f. Fig. 21, 
comprised between two semicircular planes inclined to each other 
and meeting in a diameter, as i o, of the sphere. That portion of 
the surface of the sphere which forms the base of the ungula, is 
termed a gore. 

A spheric segment is any part of a sphere cut off by a plane, 
and may be considered as a solid of revolution generated by. the 
revolution of a plane segment about its centre line. The plane 
surface is the base of the segment. When the dividing plane 
passes through the centre of the sphere, two equal segments are 
obtained, termed hemispheres. 

A segmental annulus is a solid generated by the revolution of a 
plane segment, s B^ k, Fig. 20, about any diameter, a h, of the 
sphere, apart from Hie segment, d k, is the chord, and m n, its 
projection on the axis, is the height of the segmental annulus. 

A zonic segment of a sphere is the part, L N K D, of a sphere 
comprised between two parallel planes. 

A spheric pgramidf or pyramidal sector, is a pyramid of which 
the base is part of the surface of a sphere, of which the apex is the 
centre ; the base may be termed a spheric polygon, 

THE PE0JKCTI0N8 OF A CUBE, FlO. 1. 

94. A cube, of which two sides are respectively parallel to the 
planes of projection, is represented in these planes by equal squares, 
A B D, and A^ B^ E^ f'. Figs. 1, 2, and 3. 

This is indeed but a combination of some of the simple cases 
already given. We have seen that when a side, such as A b e F, 



Fig. 1, is parallel to the vertical plane, its projection on the horizon- 
tal plane is reduced to a straight line, A b, Fig. 3, its projection on 
the vertical plane being a figure, a' b» e» f\ Fig. 2, equal to itself. 
Similarly, the side, A B c d, which is parallel to the horizontal 
plane, is projected on the vertical pkne in the line, A* b^ Fig. 2, 
and by the figure, A b o d, Fig. 3, in the horizontal plane. The 
sides, A D H F and b c g e. Fig. 1, which are perpendicular to both 
the horizontal and the vertical plane, are represented in both by 
straight lines, as A D and b c, Fig. 3, and A* f» and b' e*. Fig. 2, 
being respectively in the same straight lines perpendicular to the 
base line, L T, which should be drawn parallel to the two marginal 
lines, A b, c D, as before described, or with the square. It will also 
be perceived, that the base, F £ o H, Fig. 1, cannot be represented 
in the horizontal projection, nor the side, n c o h, in the vertical, 
since they are respectively immediately behind and hidden by the 
sides, A D c D and A B e f, represented in the projections by the 
squares, A B o D, Fig. 3, and A» b» e» f*. Fig. 2. They are, however, 
indicated in the planes to which they are perpendicular, by the 
straight lines, f> e' and n c. 

95. It will be evident from these remarks, that in order to 
design a cube so that a model may be constructed, it is sufficient 
to know one of the sides, for all the sides are equal to each other. 

When the plans are intended to be used in the actual construction 
of machinery or buildings, the objects should be represented in the 
projections as having their principal sides parallel or perpendicular 
to the horizontal and vertical plane respectively, in order to avoid 
the foreshortening occasioned by an oblique or inclined position of 
the object with reference to these planes, because the actual mea- 
surements of the different parts cannot be readily ascertuned where 
there is such foreshortening. 

To obtain, then, the projections of the cube, Fig. 1, a square 
must be constructed, as a b o d. Fig. 3, having its sides equal to the 
given side or edge, the sides A b and d c being disposed parallel to 
the base line; next, the square must be reproduced as at a^ b' e» r\ 
Fig. 2, on the prolongations of the sides, A D and B c, which are 
perpendicular to the base line. 

THE PROJECTIONS OF A RIGHT SQUARE-BASED PRISM, OR 
RECTANGULAR PARALLELOPIPED, FiG. 4. 

96. The representation of this solid is obtained in precisely the 
same manner as that of the cube, the sides being supposed to be 
parallel or perpendicular to the respective planes of projection. 
The base of the prism being square, its horizontal projection is 
necessarily also a square, A b c D, Fig. 6 ; but its vertical projection 
will be the rectangle, A» b» e» r>. Fig. 5, equal to one of the sides 
of the prism. For the construction of these projections, the 
same datum as in the preceding case is required ; namely, a side of 
the base, and, in addition, the height of the parallelopiped, or 
prism. 

THE projections OP A QUADRANGULAR PYRAMID, FiG. 7. 

97. This pyramid is supposed to be inverted, and having its 
base, A b c D, parallel to the horizontal plane : it follows upon this 
assumption, that its horizontal projection is represented by the 
square, a B c D, Fig. 9, The axis, or centre line, o s, which is 
supposed to be vertical, and consequently passes through the centre 
of the base, is projected on the horizontal plane as a point, o. Fig. 
9, and on the vertical plane as a line, o* s* ; drawing through the 
point, 0*, of this line, the horizontal line, a* b», equal to a side of 
the base, which is supposed to be parallel to the vertical plane, we 
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shall obtain the vertical projection of the base ; and joining a' bS 
B' 8*, that of the whole pTramid, the points a* and b' may be found 
by prolonging the parallels, a D, B o, Fig. 9. This may be conveni- 
ently done with the T, or set square, and the operation is usually 
termed squaring over a measurement — ^that is, from one projection 
to another. The lateral facets, s b c and s a D, are represented in 
the vertical projection by the straight lines, A* 8\ b' s*, Fig. 8, since 
they are perpendicular to the vertical plane ; and the projection of 
the facet, i) s c, is identical with a* b^ b\ that of the front facet, 
ABB, immediately behind which it is. Since each of the inclined 
converging facets are hidden by the base, they cannot be drawn in 
sharp lines in the horizontal projection ; we have, however, indi- 
cated their positions in dotted lines in Figs. 7 and 9. Were these 
lines full, in the latter figure, it would be the horizontal projection 
of a pyramid with the apex uppermost, or of a hollow, baseless 
pyramid, in the same position as Fig. 7. 

THE PROJECTIONS OF A BIGHT PRISM, PARTIALLY HOLLOWED, 

AS Fig. 10. 

98. The vertical and horizontal projections of the exterior of this 
solid, are precisely the same as those of Fig. 4 ; they are represented 
respectively by the square, a B c D, Fig. 12, and the rectangle, 
A* B^ E^ f\ Fig. 11. It will be perceived, that the internal surfaces of 
this figure are such as may be supposed to form some of the sides 
of a smaller prism ; the sides, o H u and k l m n, are parallel to 
the vertical plane, and o K n j and H i m l, perpendicular to it, and 
it follows that the projections of this lesser figure will assume the 
forms, 6* H* I* J*, Fig. 11, and o h l k, Fig. 12. 

99. The lines, k a, l h, are faint dotted lines, instead of being 
sharp and full, as being hid by the base, a b c d, of the external 
prism. It is usual to indicate those parts of an object which are 
hidden behind more prominent portions, by regular dotted lines. 
This distinction has been adhered to throughout the entire series of 
plates. 

100. On examining the examples just treated of, it will be observed, 
from the horizontal projections, that the contour, or outline, is in 
every case square, whilst, from the vertical projections, it will be 
seen that each object is dififerent. This demonstrates that one 
projection is not sufficient for the determination of all the dimen- 
sions of a solid object ; and that, even in the simplest cases, two 
different projections are absolutely necessary. It will, moreover, 
be seen, as we advance, that in many cases, three, and at times 
more, projections are required, as well as sections through two or 
more planes. 

THE PROJECTIONS OF A RIGHT CYLINDER, FiG. 13. 

101. The axis, o x, of this cylinder is supposed to be vertical, 
and its bases, a b, B f, will consequently be horizontal. Its pro- 
jections in Figs. 14 and 15, are represented by the rectangle, 
a' b' e* fS on the one hand, and the circle, a c b d, on the other. 
It is evident, that to draw these figures, it is quite sufficient to 
know the radius, o a, of the base, and the height, o m ; with the 
given radius, we describe the circle, A c B D, which is the horizontal 
projection of the whole cylinder ; then making the vertical, o^ m^ 
equal to the given height, and "squaring over" by means of 
the parallels, a a^ b b>, the diameter of the circle, we draw, 
through o' and x, the horizontals, a* b\ e^ f*, completing the 
parallelogram, a^ b* s' f*, which is the vertical projection of the 
cylinder. 



THE FBOJECnONS OF A EIGHT CONE, FiG. 16. 

102. The projections of a right cone differ from those of the 
cylinder solely as' far as regards the vertical plane. Thus it will be 
seen, in Figs. 17 and 18, that the horizontal projection of the oone, 
B A b, is exactly the same as that of a cylinder having an equal 
base ; but the vertical projection, s^ a' b*, in place of being a rec- 
tangle;, is an isosceles triangle, of which the base is equal to the 
diameter of the circle, forming the horizontal projection, whilst the 
height is that of the cone. Similarly to the preceding case, in 
order to construct these projections, it is sufficient to know the 
radius of the circular base and the height. 

THE PROJECTIONS OF A SPHERE, FiG. 19. 

103. A sphere, in whatever position it may be with reference to 
the planes of projection, is invariably represented in each by a 
circle, the diameter of which is equal to its own ; consequently, if 
the two projections, o' and o. Figs. 20 and 21, of the centre be 
given, we have merely to describe circles with these centres, with a 
radius equal to that, o A, of the given sphere. 

It would seem from this, that one projection should be sufficient 
to indicate that the object represented is a sphere; but, on referring 
to Figs. 15, 18 and 21, it will be seen that a circle is one projection 
of three very different solids — ^namely, the cylinder, the cone, and 
the sphere. This is a further illustration of the inadequacy of one 
projection to give a faithful representation of any solid form. It is 
true, that by shading the single projection we approach nearer to 
the desired representation ; but still, such shaded projection would 
equally represent that of a cylinder with a hemispherical termina- 
tion. The same remark applies to the shaded projections of pylin- 
ders and cones, and, indeed, to all solid bodies. 

OF SHADOW-UNES. 

104. To distinguish and relieve those parts of a drawing which 
are intended to indicate the more prominent portions of the object 
represented, it is customary to employ fine sharp lines for that 
part of the outline on which the light strikes in full, and strong 
heavy lines for the parts whioh are at the same time in relief and 
in the shade ; the latter description of lines are called Bhadow-lines. 

For the maintenance of uniformity, it is obviously expedient to 
suppose the light to strike any object in some constant and particu- 
lar direction. The assumed directi<»i should be oblique, in order 
that some of the visible parts of the object may be thrown into 
shade, whilst others are more strongly illuminated. Hitherto no one 
system has been universally adopted with regard to the assumed 
direction of the rays of light. The system most generally adopted 
in Great Britain, however, is, that the direction of the rays should 
be parallel to the diagonal, a o, of the cube, Fig. 1, in the vertical 
plane of projection, of which the projections are a' eS in Fig. 2, and 
D B, in Fig. 3, respectively, and this is the system we have adopted 
throughout the work, that is to say, the light is supposed to come 
in the same direction in both planes of projection, the direction 
of which is shown by the arrow, bS Figs. 22 and 23, and also by 
the short dotted lines, b, (for ray of light,) in most of the figures. 
Some draughtsmen however, cause the ray of light to take the 
direction a o. Fig. 1, both in the vertical and horizontal planes of 
projection, thus having the light indicated by the arrow, b^ Fig. 
22, in the vertical, and b, in the horizontal planes of projection 
respectively. 

The lines, which we take as representing the direction of the light, 
are the diagonals of the cube, which extend from the comer, A, of the 
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front facet of the cube, Fig. 1, to the extreme opposite oomer, o, of 
the posterior facet in the vertioal plane, and from the upper comer, 
D, to the lower comer, e, in the horiasontal plane of projection* The 
projectioiis of these straight lines, vis., a o and d b, in the repre- 
sentations of the cube. Figs. 2 and 3, are respectlTely the lines 
A t} and D B, lying each at an angle of 45'' with the base line. 
Thus, in our drawings the objects are supposed to receive the light 
in the direction of the arrow, b}, in Fig. 22, both in the vertical and 
hori«>ntal plane of projection. 

105. We must observe, however, that the actual inclination of 
these straight lines thus adopted, is not that of 45''; the angle of 
inclination is in fact somewhat less, and may be determined hj 
means of the diagram, Fig. 23. For this purpose, it is necessary 
to suppose the perpendicular plane in which the ray or line lies, as 
turned or folded down upon the vertical or horizontal plane, the 
turning axis being perpendicular to the bese line. Let us, in the first 
place, suppose the projection, rS of the ray, to meet the base line, l t, 
in the point, o, taking any point in this ray, as projected in the ver- 
tical plane ata\ and with the point, o, as a centre, and radius, a* o, 
describe the arc, a^ e a, cutting the base line in the point, <; through 
this point draw the perpendicular, h^ h, limited each way by the lines, 
a} h\ a 5, drawn parallel to the base line through the points, a} a. Join 
o' 5, and the line thus obtained indicates the position and inclinaiion 
of the ray, when folded down, as it were, on either plane of projec- 
tion; and on applying a protractor, it will be found that the actual 
angle of inclination is one of 35^ 16' nearly. Having, then, fixed 
upon the direction of the rays of light, which are, of coarse, sup- 
posed to be parallel amongst themselves, it will be easy to determine 
v^hich part of an object is illuminated, and which is in the shade. 
It will be perceived, for example, in Figs. 2 and 3, that the illumi- 
nated portions are those represented by the lines, A^ b\ and a* f^ 
on the one hand, and D c and D A, on the other ; and that those in 
the shade are represented respectively by the lines, k* b*, b* f*, and 
B A, B 0. The lines, B, a o, a, 6, and b o. Fig. 23, in the horizontal 
plane, all correspond on the French system to the similar lines, bS 
a* 0, a* h\ and 4* o, respectively, m the tertical plane, as before re- 
ferred to at Fig. 22. What has just been said with reference to the 
cube, is equally applicable to all prisms or solids bounded by sharp 
definite outlines, care being taken to employ heavy shadow-lines 
only on the outlines of those parts which are both prominent and 
in the shade — such shadow-lines separating the facets which are 
illuminated, from those which are not» 

106. With regard to round bodies, the projections of the lateral 
portions being bounded by lines which do not indicate promi- 
nent and sharply defined edges, so fiill a shadow-line should not be 
employed as that forming the outline of a plane and prominent sur- 
face. Thus, in Figs. 14, 17, and 20, the lines, B» b», s» b», and o» b, 
D, are not so strong as the corresponding lines, B^ n\ in Figs. 2 and 
5. Nevertheless, these lines should not be as fine as those, on the 
Illuminated side of the object, but of a medium strength or thick- 
ness, to indicate the portion of the object which is in the shade. 
In other words, a sharp fine line indicates the fully illuminated out- 
line, a fuller line the portion in shade, and a shadow-line still 
stronger that portion which is both in the shade, and has a promi- 
nent sharply defined edge. The straight lines, f* B* and a* b\ Figs. 
14 and 17, will necessarily be full shadow-lines, as representing the 
edges of planes entirely in the shade. 

In the horizontal projection of the cylinder, Fig. 15. the illumi- 
nated portion corresponds to the semi-circle, a dbf whilst that in 
the shade is the other semi-circle, a c h; the points, a, 6, of separa- 



tion of the two halves, are obtained by drawing through the centre, 
0, a diameter, a 6, perpendicular to the ray of light, d o, or by 
drawing a couple of tangents to the circle parallel to this ray. The 
straight line, a 6, is inclined to the base line at an angle of 45**. 
Great care is necessary in producing the circular shadow-line, a e 6, 
and the nibs of the drawing-pen should be gradually brought closer 
as the extremities, a and 6, of the shadow- hue are approached, so 
that it may gradually die away into the thickness of the illuminated 
line. By inclining the drawing-pen, or by pressing it sideways 
against the paper, the desired effect may be produced ; the exact 
method, however, being obtained rather by practice than by follow- 
ing any particular instractions. A very good effect may also, in 
some instances, be produced, by first drawing the entire circle 
with the fine line, and then retracing the part to be shadow- 
lined with a centre slightly to one side of the first centre, and 
repeating this until the desired strength of the shadow-line is 
obtained. 

107. In the plan of a cone. Fig. 18, the part in the shade is 
always less than the part illuminated ; but it requires an especial 
constmction, which will be found in the chapter treating of 
Shadows, for the determination of the lines of separation, 8 e; and 
it is seldom that such extreme nicety is observed in outline draw- 
ings, the shadow-line of the plan of the cone being generally made 
the same as that of a cylinder, or perhaps a little less, according to 
the judgment of the artist Tet, if the height of the cone be less 
than the radius of the base, the whole conical surface will be illu- 
minated, and consequently its outline should have no shadow- 
line. 

108. In explanation of the reasons which have guided us in the 
adoption of the diagonal of a cube, as projected in the line, b^, Figs. 
22 and 23, as the direction of the rays of light, in preference to the 
other systems proposed, we shall proceed to point out some of the 
inconveniences attending the latter. 

In reality there does not seem much to choose between the English 
and the French systems in point of merit, as they agree in the 
more essential parts as regards the light falling on the object in 
the direction of the diagonal of the cube, in both the elevation 
and plan, that is in the direction of tlie projected line, b^ Figs. 
22 and 23 ; and the French system only differs from the English 
in supposing the light to come from below, or in the direction 
of B, in the same figures, instead of from above in the plan 
or horizontal view. Thus, having the light coming in two 
different directions, and throwing cross shadows on the same sheet 
of drawings, while the system we adopt, has the light, and conse- 
quently, the shadows all thrown in the same direction. 

If, however, on the other hand, as proposed by some draughtsmen, 
the rays of light are supposed to be perpendicular to either plane, 
such confusion will result as to render it impossible to ascertain, by 
any reference to the shadow-lines, what is, or what is not, illuminated, 
and thus the object of employing shadow-lines would be lost sight 
of. Let us suppose, for example, that the light is perpendicular to 
the vertical plane, whence it follows that the whole of the anterior 
facet. Figs. 2, 5, 8, and 11, is fully illuminated; but, at the same 
time, all the facets perpendicular to the vertical plane are equally 
in the shade, and it would consequently be necessary to use shadow- 
lines all round, or else uot at all ; and whichever plan was adopted, 
would be quite unintelligible. Besides this, it is unnatural to 
suppose that the spectator should place himself between the light 
and the object 
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PROJECTIONS OF GROOVED OR FLUTED CYLINDERS 

AND RATCHET WHEELS. 

PLATE 8, 

109. The Yvious diagmns in this plate are designed prinoipally 
with the view of making the student praotioally conversant with 
the oonstraction of the projections of objects ; and, besides teaching 
him how to delineate their external contours, to enable him to 
represent them in aeetion^ that their internal structure may also be 
recorded on the drawing. 

Figs. 1 and 2 are, respectively, the elevation and plan of a right 
cylinder, which is grooved on its entire external surface. The 
grooves on one-half of the circumference are supposed to be pointed, 
being formed by isosceles triangles of regular dimensions, and may 
represent the rollers used in flax machinery, in apparatus for pre* 
paring food for animals, and in many other machines. The other 
half of the circumference is formed into square or rectangular 
grooves, the lateral faces of which are either portions of radii of the 
circle, or are parallel to radii from the centre of the circle passing 
through the middle of each rectangle. 

110. To construct the horizontal projection of this cylinder, that 
ia, as seen from above, we must first ascertain how many grooves 
are contained in the whole circumference ; then drawing a circle 
with a radius, ▲ o, which should be greater than that of the given 
cylinder, divide it into twice as many equal parts as there are 
grooves. If the student will refer back to the section treating of 
linear drawing, illustrated in Plate 1, he will find simple modea 
of dividing circles into 2, 3, 4, 6, 8, and 12 equal parts, and, 
further, of subdividing these. Thus, as the cylinder. Fig. 2, 
contains 24 grooves, its circumference must be divided into 48 equal 
parts. To obtain these, begin by drawing two diameters, a B, c n, 
perpendicular to each other ; then, from each extremity, mark off 
the length of the radius, a o, thus obtaining the four points 
numbered 8 on one side, and the points numbered 4 on the other — 
making, with the points of intersection of the two diameters with 
the dreumference, in all, 12 points. There remains simply to 
bisect each space, as a — 4, B--4, or 4 — 8, &c., as well as the lesser 
spaces thus found; this will give the 48 divisions required. 
Through the points of division draw a series of radii, which will 
divide the inner circle described, with the radius, o r, into the same 
number of equal parts. The depth of the grooves is limited by 
the circle described with the radius, o x, whilst the outside of the 
intervening ridges is defined by the circle of the radius, or. All 
the operations which we have so far explained, are called for in the 
construction of both the triangular and rectangular grooves. In 
proceeding, we must, for the angular grooves, join the points of 
intersection, a, 6, c, d, which are in each circumference alternately; 
whilst in the case of rectangular grooves we require no fresh lines, 
but have simply to ink in alternate portions of the two circles, as 
well as the radial lines joining these. 

111. To draw the vertical projection. Fig. 1 ; it is necessary that 
ihe depth should be given, say it} M^ = 2| inches. First set out 
the two horizontals, x^ pS n^ Q^ limiting tiie depth of the figure ; 
then, to obtain the projection of the grooves and ridges, square over 
each of the points, ^/, g^ A, dMs., and draw parallels through the points 
thus found in Fig. 1, as e\f^, g\ h\ Then, to complete the elevation, 
it is only necessary to square over the outer extremities, M and P, 
of Fig. 2 ; it will be seen that f^ mS thus squared over, is equal to 
the radius, o M, of the wheel ; but on the other side it is a groove and 
not a tooth that is in a line with the centre line of Fig. 2, parallel 



to the vertical plane of projection* The line, F* p', is somewhat 
less than a radius, p^ qS being, in fact, the apex of the tooth 
immediately in front of the centre line squared over. This com- 
pletes the elevation, Fig. 1, which represents the front half, X F P, 
of the cylinder below the horizontal line, X* P^ 

112. It has already been observed, that two projections are not 
always sufficient to form a complete representation of an object ; 
thus it will be evident, from a consideration of Figs. 1 and 2, that 
a third view is necessary to explain the interior of the cylinder. The 
radius, o a = 1^ inches, of the central circular opening, is not appa- 
rent in Fig. 1, it is only to be found in the plan ; whereas we have 
already seen, that, to determine its exact position, it should be 
represented in two projections. From Figs. 1 and 2 it is impossible 
to see if the opening exists throughout the depth of the cylinder, 
or if its radius be the same down to the bottom ; and the same 
remark applies to the key-way. In consequence of this, it is ex- 
pedient to draw the object in section — ^for example, through the 
centre line, x f — by a plane parallel to the projection. Such a 
section is represented in Fig. 3 ; and from it, it is at once manifest 
that the central opening, as well as the key-way, extend equally 
throughout the depth of the cylinder. The outline of these parts 
is formed by the verticals drawn through the points, o^ m\ »*, h\ 
obtained by squaring over the corresponding points, o, fi», m, r, in 
the plan. Fig. 2. This view also shows that the external grooves 
are equal throughout their depth, as indicated by the verticals 
drawn through x*, l\ bS p^ When the outlines of the interior of 
an object are few and simple, they may be indicated in an elevatioui 
such as Fig. 1, by dotted lines. But if the outlines are numerous 
or complex, too great a confusion would result from this method ; 
and it is &r better, in such case, to give a sectional view. 

That portion of the solid mass of the cylinder, through which 
the sectional plane passes, is indicated in Fig. 3, by a flat-tinted 
shading, so as to distinguish it from the parts which the plane 
does not meet : this is the plan generally adopted to show the parts 
in section ; the strength of the shade, or seeUoning^ is varied 
according to the nature of the material. Thus, for cast-iron, a 
darker shade is used, whilst a lighter one indicates wood or stone ; 
and as an example of this distinctive use of various degrees of 
shade, we may point out that the sectioning in Fig. 3, indicates 
the object to be made of copper, malleable iron, and other light 
metals, whilst that in Fig. 6 corresponds to cast-iron, and at a and 
6, in Fig. 9, it represents, respectively, wood and masonry. 

113. It must be observed, that uiAion Une$^ of whatever desorip* 
tion they may be, an always inclined at an angle of 45"* with the 
base line; this is to distinguish the sectioning ftom flat tints 
frequently employed in elevations, to show that one surfaee is less 
prominent than another : this latter flat-tinting is generally pro- 
duced by perpendicular or horizontal lines. The line, i^ jS which 
indicates the base of the internal cylinder, o m h, should not be 
a shadow-line equal in strength to the bases of the sectional parts, 
for the latter are more prominent. This point is seldom attended 
to as it should be ; greater beauty and effect, however, would result 
if it were. This remark applies equally to all projections of ohjects, 
of which one portion is more prominent than another. Thus, in 
Figs. 1, 4, and 7, the vertical lines passing through f' are consider- 
ably thicker than those passing through p^ Q^, and lying in a 
posterior plane. These distinctions should always be observed in the 
representations of complex objects, since by their means a comprc 
hension of the drawing is much facilitated. After an attentive 
study of Figs. 1, 2, and 3, on this plate, the remaining Figa. 4, 6, 
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6, 7, 8, and 9, which represent ratchet wheels and also fluted 
cylinders, such as the columns of the Doric and the other higher 
orders of architecture, will he quite intelligihle to the student ; such 
operations as are additional, heing rendered ohvious in the views 
themselves. 



THE ELEMENTS OF ARCHITECTURE. 

THE FIVB 0BDEB8 OF A BC H IT EC T U BE. 
PLATE 9. 

114. In plate 9 are shown the five ancient orders of architecture. ^ 

1. The Tuscan. 

2. The Doric. 

3. The Ionic 

4. The Corinthian. 
6. The Composite. 

Fig. 1 is an elevation of the Tuscan order, complete with pedestal, 
drawn to a scale of three-eighths of an inch to the foot, and supposing 
the radius of the column at a (, (which is called a module or unit of 
measurement in all the orders) to he equal to one foot. In this 
order, the module is subdivided into twelve parts, so that in this 
instance, the scales of feet and inches for the several figures of this 
order will respectively represent modules and parts of modules in 
the several figures to which they belong. Down the side of this figure, 
as well as that of the other orders, are two rows of figures, enclosed 
within parallel lines, and crossed by lines squared over from the several 
members of the orders. These rows are marked, h and p, at the 
top, respectively, for height and projection ; the figures in the first, 
represent the height of that part of the order squared over by the 
cross lines, within which they are enclosed, as 12', represents the 
length of the shaft, e, from the astragal to the base, which is 
twelve modules. While the figures in the second row, represent 
the projections of the part or member, within the parallel cross 
lines enclosing them, from the centre line marked at the top and bot- 
tom, c rf, to the outermost point of projection, as 1', 8^', represents 
d A, the projection of the lower plinth ; that is one module, eight 
and a half parts. 

Fig. 2 is an elevation of the ancient Grecian Doric, drawn to the 
same scale as the Tuscan, having the dimensions of the several 
members marked in modules and parts, or feet and inches, as the 
module in this order also, is subdivided into 12 equal parts. From 
its strength and heaviness, this order might be ranked below that 
of the Tuscan, the whole height of the column being only 12 
modules 6 parts; but from the general beauty and elegance 
imparted to it, from a richly ornamental entablature, and neat 
capital with the plain and graceful fluted column below, it has been 
ranked as the second order. The ancients gave this order, neither 
base nor pedestal ; but the modem Roman architects gave it both. 
Vitruvius and Palladio give the whole height of the column at 16 
or 17 modules, and in some instances they give it an attic base with 
a short pedestal of about one fourth of the height of the column, 
the die of which was square. They also give it an ornamental 
fneze and projecting astragal below the capital ; thus placing this 
order between the Tuscan and Ionic orders. The shafts of the 



* We bcve adhered to the clasriflcatlon which, fh>in being of more andent date, la 
0Oppoited by aoperlor authority; but we do not profeis, In thla work, to dedde which 
carriea more reaaon with tt. Beaaon freque;itly nms counter to aathoritj. Modern 
archltecta fay there are only three orders— the flrat comprising Ancient, Modem, and 
TMcan Doric ; the aeoond, Greek, Roman, and Modem Ionic ; and the thlMl, Corinthian 
and Composite. 



Grecian Doric and the higher orders, are generally fluted, as 
shown in the several figures. Tliis order has usually 20 flutes 
without fillets, one being placed exactly in the centre ; the mode of 
drawing which, has been shown in Figs. 7 and 8 of Plate 8. These 
two orders, the Tuscan and Doric, as given in Figs. 1 and 2, are much 
used in mechanical constructions as well as in architecture. Being 
the plainest of all the orders they admit of being formed, or cast, 
hollow or solid of the various metals, without flaws or defects, and 
when used for the nozles, the framing of steam engines, and other 
machines, can be wholly or partially polished, thus giving elegance 
and strength in mechanical structures. 

Figs. 3, 4, and 5, are also elevations respectively of the Grecian 
Ionic, Corinthian, and Composite orders, drawn to scales of modules 
and parts divided off on the outer lines marked, h, of the several 
figures. The modules of these three orders are subdivided into 18 
equal parts, and all the sizes marked in plain figures, as in the 
former orders in their respective columns of height and projection. 
These three orders are all shown with the plain attic base,, and 
without their pedestals, these being usually of the same general 
proportions as that shown in the Tuscan, viz., one-third of the whole 
height of their several columns. 

The ** inter-columns " or spaces between the columns arranged at 
the sides, or in front of buildings, or in colonnades, stone galleries and 
porticos, vary according to the height of the column, in proportion 
to its thickness or diameter at the base. Thus Palladio says, that 
none of the orders but the Tuscan ought to be placed more than 
three diameters apart To the Doric he gives three ; to the Ionic 
two and a quarter ; to the Corinthian two diameters, and to the 
Composite one and a half. He states that tMs last should be con- 
sidered the minimum, " inter-column," and three and a half the 
maximum. 

115. Each order of architecture comprises three principal parts : 
the pedestal, the eo/iimn, and the entablature. In all the orders, 
the pedestal is usually a third of the whole length of the column in 
height, and the depth of the entablature in all the orders, the 
Roman Doric included, is one- fourth of the whole height of the 
column, the Grecian Doric alone excepted, which has its entablature 
one-third of the height of the column. The proportion between the 
diameter and height of the column varies in each order. The 
height of the Tuscan column is seven times the diameter at the 
lowest part, a h ; the Grecian Doric six or six and a fourth times ; 
the Roman Doric, eight times ; the Ionic, nine times ; the Corinthian 
and Composite, ten times. The pedestal is frequently altogether 
dispensed with. All the different parts, in the various orders, bear 
some proportion to a module^ which is half the diameter of the 
lower part of the column, o ft. Fig. 1. This module may be termed 
the unit of proportion. It is divided into 12 parts, in the 
Tuscan and Doric orders ; and into 18 parts in the Ionic, Corin- 
thian, and Composite. The whole height of the Tuscan order, 
without the crown, is 22 modules 2 parts, apportioned as follows : — 
The column is 14 modules ; the pedestal, 4 modules 8 parts ; and 
the entablature, 3 modules 6 parts. The whole height of the 
Grecian Doric is 16 modules 8 parts, the column being 12 modules 
6 parts, and the entablature 4 modules 2 parts. The whole height 
of the Roman Doric order is 25 modules 4 parts — the column being 
16 modules ; the pedestal, 5 modules 4 parts ; and the entablature, 
4 modules. The whole height of the Ionic order is 28 modules 9 
part&— the pedestal, 6 modules ; the column, 18 modules ; and the 
entablature, 4 modules 9 parts. The whole height of the Corin- 
thian and Composite orders is 31 modules 12 parts — of whi<^ 6 
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modules X2 parts form the pedestal^ 20 modules the column, and 
5 modules the entablature. 

As we do not propose to treat specially of architecture, we have 
not given details and particulars of all the various orders, but have 
confined ourselves to the Tuscan, as being the simplest, as well as 
the one most generally adopted in the construction of machinery. 
At the end of this Chapter will be foimd tables of the dimensions 
of the various components of the Tuscan order, and we also there 
give a similar table for the Homan Doric order. 

OUTLINS OF THE TUSCAN OBDEB. 

116. The whole height of the pedestal, column, and entablature, 
being given, the proportions of the different parts may always be 
determineiL Let this height be, for example, 22 feet 2 inches, 
as marked on the first dotted line to the right of Fig. 1. First, 
divide it into 19 equal parts or divisions, then take 4 such divisions 
for the height of the pedestal, 12 for that of the column, and the 
remaining 3 for the entablature, as marked on the second dotted 
line, and divided on the sharp line next it. Then, according to the 
order which it is intended to follow, the height of the column is 
divided into 7, 8, 9, or 10 equal parts, and the diameter of the 
lower part of the column will be equal to one of these parts : thus, 
in the Tuscan order, the diameter, a 6, Fig. 1, is | of the whole 
height of the columns ; the half of this diameter, or the radius o, of 
the shaft, at a 5, is the uuit of proportional measurement, called the 
module^ and with which all the components of the order are 
measured ; it follows then, that in the Tuscan order this module is 
-f^ of the height of the column, in the Doric it is ^, in the Ionic -^^ 
and in the Corinthian and Composite ^. Tlie whole height of the 
Grecian Doric, having no pedestal, is divided into 16 divisions, 12 
being given to the column, and 4 to the entablature. 

117. The three members of an order are each subdivided into 
three diviiions. Thus the Fedeatal is composed of the Socle, or 
lower PUnth, a ; of the Dado, or Die, b ; and Cornice, o : the Column 
consists of the Base, or Plinth, n ; the Shaft, B ; and the Capital, f : 
and in ih» Entablature are the Architrave, a ; the Frieze, b ; ^nd 
the Cornice, l 

118. JSefore proceeding to delineate these different parts, and the 
mouldings with which they are ornamented, it is expedient to set 
off a scale of modules, determined in the manner just stated, the 
module being, of course, subdivided into 12 equal parts. 

To make <^e mouldings and various details more intelligible, we 
have drawn the various portions of the order, separately, to a larger 
scale. Thus Fig. 6 is the elevation of the entablature, capital, base, 
and pedestal, of the Tuscan order, to a acale of double tiiat of the 
complete view. Fig. 1, and the scale is thus for the lai^ figures, f 
of an inch to a module. All the numbers indicated on these 
figures, give the exact measurements of each part and each mould- 
ing, so that they may be drawn in perfect accordance with the 
scales given. It conduces considerably to the symmetry and accu- 
racy of the drawing, to set off all the measurements from the 
axis or centre line, e d. The module being but an arbitrary mea- 
surement, it is necessary, in practically carrying out any design to 
ascertain the different measures in feet and inches, but in this case 
the trouble is much simplified by making the scales of modules to 
represent feet also, so that the numbers in the several figures repre- 
sent modules and parts, and at the same time feet and inches on 
the scales to which they are respectively drawn, and marked at the 
foot of the plate. To give a diutinct idea as to the degrees of promi- 
nence or relief of the various members, as also their height, the 



sizes are marked in figures, in their respective columns, marked H 
and p, as well as on parts of the elevation, Fig. 6. In the half 
horizontal section, Fig. 7, are represented portions of sections in 
two different planes, the one to the left being at the height of the 
line, 1, 2, and the other to the right at that of 3, 4. The first 
shows that the shall, e, is round, as well as the fillet and the torus, 
whilst the base, n, and cornice, c, are square : the second section 
shows, in a similar manner, that the die, b, the lower plinth, a, and 
its fillet, are square ; while the light flat-tint, at 45°, sufficiently 
indicates the parts in section, which are divided by the centre 
line, cdfto distinguish the sections on the different planes. 

Fig. 8 is a fourth section of the top part of the column and entab- 
lature, on the lines, 5, 6, and 7, 8, respectively, supposed to be 
looking from below, or as it were inverted, and showing the shape 
and configuration of the parts, as in Fig. 7. Fig. 9 is a sectional 
elevation of part of the entablature to the same scale as Figs. 6, 7, 
and 8, showing the construction of the cornice, which has all the sizes 
of height and projection marked in figures, and the same letters of 
reference in all these figures, for the same parts with the axial line, c d, 
corresponding also in the several figures so as to measure from. 

119. The execution of this design offers little or no difficulty; 
for all the operations required, as well as the parts to which the 
measurements apply, are carefully indicated. It is, therefore un- 
necessary to enter into further details, except as far as relates to 
such parts as involve some peculiarity ; the shaft of the column, 
is an instance. 

Referring to the column of the classic orders, whether detached, 
as was the more ancient practice of the Greeks, or as attached, as 
was afterwards not uncommon in some of the more modem Roman 
temples, they all tapered or diminished from the inferior or lower 
part of the diaft, to the upper or superior part of the neck. In 
the Tuscan and Grecian Doric, as shown in Figs. 1 and 2, it is 
Gustonaary to make the shaft cylindrical for one-third of the height, 
that is, of equal diameter throughout that extent: above that point, 
however, it diminishes gradually in diameter up to the capital. 
In the Ionic, Corinthian, and Composite orders, however, the 
diminution commences from the very bottom of the shaft, at the 
fillet of the base, and rises in a graceful sweeping line to the 
narrowest part at tiie upper cincture or collerett. Vitruvius and 
others, give rules for this diminution, which decreases accordingly as 
the length of the columns increase. Thus, shafts of columns of 
fifteen feet in height should have their inferior diameter at the base 
divided into six equal parts; five of these parts being taken for the 
superior diameter at the top under the astragal, gives the diminution 
for this height of column. Those of twenty feet are to be 
divided into six and a half parts at their lower diameter, five 
and a half of these being taken as their superior diameter. 
Those of thirty feet being divided into seven parts at their lower 
diameter, are to be reduced at their upper to six of these parts. 
Those of forty feet to be divided into seven and a half parts at the 
bottom, and reduced to six and a half parts at the top. While 
those of fifty feet are to be divided into eight parts at their inferior 
diameter, and seven of these parts given for the superior diameter. 
The reasons assigned by him and others why the columns of 
different heights should thus vary in their diminution, according to 
their height, is, that the lines or pencils of rays of light coming to 
the eye from an object which is situated at a considerable elevation, 
forms a much more acute angle than those coming from one of 
equal dimensions, but which is less elevated. The taper thus 
given to the shaft is not regular throughout, being scarcely per- 
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ceptible at the lower part, and becoming more and more convergent 
towards the top. Its contour is consequently a curve, instead of a 
straight line. This curvature constitutes what is termed the enUuis 
or swell given to the shaft of the column, and is employed to cor- 
rect the apparent narrowness of a rectilinear column at the middle. 
Such defective appearance only takes place when the cylindrical 
piece, or column, is between a pedestal and an entablature having 
plane surfaces. A cylinder, or sphere, always seems to occupy less 
space than a plane surface equal to its greatest section. Thus the 
outline of a cylinder, or sphere, appears to grow less when it is 
shaded. Now, where the column is in contact with the plane sur- 
face of the pedestal or entablature, it cannot appear less in propor- 
tion, the proximity of the latter correcting such appearance, whilst 
the influence is less felt at the central part, which is ftirthest from 
the pedestal and entablature. A true cylinder, therefore, in such a 
position, appears to be thinner at the middle, and this is corrected 
by the entasis, or curved contour. 

But many authorities consider this a fastidious nicety, and it is 
frequently disregarded, particularly in designing short thick columns 
for machinery, and also where the other extreme Is reached, and the 
columns become mere rods. 

What may be termed the mechanical entasu, is, moreover, em- 
ployed in beams, levers, and connecting-rods of all descriptions ; the 
object of this convexity, and increased width in the middle part, in 
such cases, being to obtain strength and rigidity, whilst it undoubt- 
edly adds to the beauty of the outline. 

To determine the amount of the entatis in the Tuscan column, 
take the line, c d, Fig. 10, which represents two- thirds the height 
of the shaft, corresponding to that of Fig. 6, and in this order it is 8 
modules, on the scale to which this figure is drawn, as marked and 
shown by dotted lines to the left of the smaller and complete view, 
Fig. 1. Divide this line, c d, into any number of equal parts, as 
6, in the points, q, r, «, t, u, and e, and through each of them draw 
lines at right angles io cd. With the point, (2. as a centre, and a 
radius, d e, equal to one module on the same scale, draw an arc of 
a circle ; next, having made c v equal to 9^ parts, as marked in the 
projection column, p, at the neck or /rise in Fig. G, draw through v, 
a line, v a;, parallel to the axis, c d, this parallel line will cut the arc 
in the point, x; divide the arc, e a;, into six equal parts in the points 
1, 2, 3, 4, 5, and x; and through these points draw parallels to the 
axis. These parallels will intersect the horizontal lines drawn 
through the divisions, g, r, «, i, and u , of the axis, respectively, in 
the points, 1\ 2\ 3^ 4^ and 5\ a curved line passing through these 
points gives the eWUuis or proper curve, forming the contour of the 
shaft. This curve, being symmetrically reproduced on the opposite 
side of the axis, c d, will complete the outline of the shaft. 

Another method adopted by some architects is to divide the dif- 
ference between the diameter at the lower part of the shaft and that 
of the upper, as at v, into the same number of parts as the whole 
altitude of the shaft, or the part c, d^ which is to be diminished, 
has been previously subdivided into, which is in this instance, six. 
Then with a straight line drawn from the first division from the 
outside perpendicular line (that is the division furthest from v, on 



the line e, v,) to the point, e, at the lower part of the shaft will 
cut the first horizontid line, ql\vi the first point, 1', of the curve 
line, next a line from the second point from the outside, or the 
fourth from v, drawn to the same point, «, at the bottom will, 
in like manner, cut the line, v 2', in the second point, 2\ of the 
curve line, and in the same manner, the line, from the third point, 
will give the third point of the curve 3', and so on till the fifth, or 
the one next to v, will give the last point, 5', which is required, and 
the line drawn through the several points will, as in the first ini?tance, 
give the entasia of the shaft. When less swell or entasis is 
desired, any p^rt of the diflerence between the inferior and 
superior diameters from v, as a half, for example, taken and 
divided in the same way as the last, then the first point in this 
half from the outside as before, will give point 1', and so on as 
before, one point after another, till the point next to the last gives 
point 5' as before, and the line drawn through all the points will 
be the curve, but very much flatter and nearer a straight line. 

In the entablature and pedestal will be found two similar mould- 
ings, termed cymatia ; they are both examples of the cyma rererm^ 
discussed in Prob. 43, Figs. 15 and 16, Plate 3. The slight pecu- 
liarities in their construction, will be easily understood from the 
enlarged section of the cornice. Fig. 9, in which one of these curves 
are with the construction shown in dotted lines. Tlie qttarter 
rounds and accompanying minor mouldings belonging to the capital 
and entablature of this order are so simple, that the mode of chew- 
ing them will at once be seen from the large views. Figs. 6 and 9. 



RULES AND PRACTICAL DATA. 

MEASUREMENT OF SOUDS. 

120. The volume or solidity of a body, as already explained, is 
the extent of space included within its several surfaces. The 
volume of a solid is determined when it is ascertained what rela- 
tion it bears to, or how many times it contains, any cube which is 
adopted as the unit of measurement. 

Volume may be measured by cubic yards, feet, or inches, 
just as we measure surface by square, and length by linear yards, 
feet, and inches. A cubic foot is ^ of a cubic yard, for — 

1 cubic foot = J yard X J yard X i yard = ^ yard ; 
and an inch, or 

T^^foot X tV foot X tV foot rr-nV^foo^ 

121. Parallelopipeds, — The volume of a parallelepiped is equal 
to the product of its base multiplied into its height. 

Example.— ¥\g. 4, Plate 7. Let A F = 2 feet, F E = 1-4 feet, 
and F H = 1*4 feet. Then the base = 1-4 X 14 = 1-96, and 
1-96 X 2 = 3-92 cubic feet ; or more simply, 1*4 X 1-4 X 2 = 
3*92 c. ft. Since the dimensions of a cube are all equal its volume is 
expressed by the third potoer of the measure of one of its sides ; 
that is, by the product of one side three times into itself. 

Thus the cube, Fig. 1, Plate 7, of which one side measures, say 
14 feet, contains 14 X 14 X 14, or 14» = 2744 cubic feet. 

The volume of a right prism, whatever be its base, is equal to 
the product of the base into the height 



TABLE OF SURFACES, AKO VOLUMES OF BEQULAB POLTHEDBA. 

KuxBiB or Sides. Namx. Sitbpacb. ToLum. 

4 Tetrahedron 1-7820608 •1178519 

6 Hexahedron, or Cube, 60000000 I'OOOOOOO 

8 Octahedron, 3-4641016 -4714045 

12 Dodecahedron, : 20-6467788 7*6631189 

20 Icosahedron, 8*6602540 21816950 
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122. Pyramids. — ^The volume of a polygonal pyramid is equal 
to its base multiplied into a third of its height. 

Sxan^—Yig. 7, Plate 7. Let S 0» = 2 inches, A B uid A D 
each := 1-4 inches ; the cubic contents of the pyramid 
1-4 X 1-4 X 2 



3 



■ = 1-3066 cubic inches. 



right 



Thus the volume of a pyramid is one-third of that of a 
prism, having an equal base, and being of the same height. 

The volume of a tnmcatcd pyramid, with parallel bases/is equal 
to the product of a third of the height, into the sum of the two 
bases added to the square root of their product. 

Thus, if V represents the volume of a truncated pyramid, of 
which the height, H, = 3 feet, the lower base, B, = 6 square feet, 
the upper, B', =: 4 square feet ; we have — 

V = 5.x (B + B'+V'B^)^ 
o 



i-X(6s.f. +4s. f. + t^6 X4) = 14-898 sq. feet 
3 

In practice, when there is little difference between the areas of 

the bases, a close approximation to the volume is obtained by taking 

the half of the sum of the bases, multiplied into the height. Thus, 

with the preceding data, we have 



V = H 



X (5±1) =:».,. .t 



V = 



X H; or. 



123. Cylinders. — The cubic contents of any cylinder, as Fig. 13, 
Plate 7, is equal to the product of the base into the height. Thus, 
in the case of a cylinder of a circular base, we have B =: ir R' (76) ;* 
consequently, the volume, V, = ir R* X H. 

Firsi Example — ^What is the volume of a cast-iron cylinder, of 
which the radius, R, = 20 inches, and the length, H, = 108 inches? 

V = 3-1416 X 20» X 108 = 135,717 cubic inches. 
The volume may also be derived from the diameter of the cylinder, 
in which case we have — 

irD» 
4 

V = -7854 X 40« X 108 = 135,717 cubic in. 
The convex surface of a right cylinder, when developed, is equal to 
the area of a rectangle, having for base the rectilinear development 
of the circumference, and for height that of the cylinder. It is 
therefore obtained by multiplying the circumference into the height, 
or length. With the data of the preceding case, the convex surface 
is expressed by the formula — 

S = 2TRxH,orirDxH = 3-1416 X 40 X 108 = 13,5717 
cubic inches. 

The volume of a hollow cylinder is equal to the difference between 
that of a solid cylinder of the same external radius, and that of one 
whose radius is equal to the internal radius of the hollow cylinder. 
Or, it is equal to the product of the sectional area into the height, 
such aiea being equal to the difference between two circles of the 
external and internal radius, respectively. 

Example, — It is required to find the volume, V, and the internal 
surface, S', of a steam-engine cylinder, including its top and bottom 
flanges in the volume. Let the following be the dimensions: — 
External diameter, D, = 56 inches : internal diameter, D', 



50 



• When we wl»h to refer the utodent to any rule or principle already given, we do 
«o by means of the number of the paragtaph containing such rule of principle. In the 
preaent inatanoe, what is referred to wiU be found at page 48. 



inches ; length or height, H, = 120 inches ; external projection of 
the flanges, F, = 5 inches, and their thickness, E, = 4 inches. 
Then, for the internal surface, we have — 

S' = 31416 X 50 X 120 = 18,850 sq. in. 
For the volume of the body of the cylinder, we have — 

V'= "^ — "^ X 120 = (-7854 X 56^) — (-7854 X 60') X 
4 4 

120 = 60,000 cubic inches. 
And for the additional volume of the flanges — 



V" = 



X (56+10)' 



r56' 



X 4 X 2 = (-7854 X 66') • 



4 4 

(-7854 X 56') X 8 = 7666 cubic inches. 
Whence the whole volume — 

V + V" = 67,666 cubic inches. 
124. Cones, — The cubic content of a cone is equal to the pro- 
duct of its base into a third of its height; or, 

V = BX| 

In the right cone. Fig. F, of which the base is circular — 



V = IT R' X 



H 



3 



r D' V. H . 
T"^3"' 



and as x, or 3-1416 -f- (4 X 3) = -2618, the formuk resolves itself 
into— 

V = -2618 X D» X H. 

Example, — ^What is the volume of a right cone, of which the 
height, H, = 24 inches, and the diameter of the base, or D, :=. 17 
inches ? 

We have — 

V = -2618 X 17« X 24 = 1816 cubic inches. 

As we shall demonstrate, on a subsequent page, the development 
of the convex surface of a right cone is equal to the sector of a 
circle, of which the radius is the generatrix, and the arc the circum- 
ference of the base of the cone — consequently, the conical surface 
is equal to the product of the circumference of the base into the 
half of the generatrix : whence is derived the following formula :— 

S = 2irR X-^ = xRxG. 
2 

With the data of the foregoing example, and allowing the gene- 
ratrix to be equal to 25^ inches, we have — 

S = 3-1416 X 8-5 X 25-5 = 681 cubic inches. 

125. Frustum of a cone, — The volume of a frustum of a cone 
may be obtained in the same manner as that of the truncated 
pyramid (123). The convex surface of a truncated cone is equal 
to the product of half the generatrix of the frustum into the sum 
of the circumferences of ths bases, and is expressed in the foUow- 
ing formula : — 

S = ^ X 2ir (R -f Rl = L X X (R -f R'J. 

Example, — ^Let the length, L, of the generatrix ti the conic 
frustum, = 14 inches ; the radius, R, of the lower base, = 8-5 
inches ; the radius, R, of the upper base, = 3*8 inches ; then the 
convex surface — 

S = 14 X 3-1416 X (8-5 -f 3-8) = 64 square inches. 

126. Sphere, — The volume of a sphere may be ascertained as 
soon as its radius is known. Ite surface ilB equal to four times 
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that of a ctrclo of equal diameter. This is expressed by the 
formula — 

S = 4t R« = IT D' = 31416 X I>, 
or the square of the diameter multiplied by 3*1416. 

The volume is equal to the product of the surface into one-third 
of the radius, as in the formula — 

V = 4r R» X -^- = A X X R», or V = 4*1 88 X R' ; 

or, if we employ the diametral ratio — 

V = ff D' X ?^ = -5236 X b». 
o 

Example, — ^We require to know what is the surface and the 
volume of a sphere, of which the diameter measures 25 Inchea. 
The surface — 

S = 25» X 3-1416 = 1963-5 square inches. 
The volume — 

V = -5236 X 25» = 8181-25 cubic inches. 
To find the radius or diameter of a sphere, of which the volume 
is known, it is sufficient to invert the preceding operations, the for- 
mulas becoming as follows — 

»V _ V . 
4x 4-188' 



W 



whence. 
Similarly, 

whence, 



^= K 4088- 



D3 = 



•5236 



^— K -5236' 



which, with the preceding data, gives R = 12-5 inches, and D = 
25 inches. 

The radius is derived from the surface by means of the following 
formula : — 

S 



R» = 



4 X 3-1416 ; 



whence, 



or, 



»=l/i^ 



S 



5664 



D« = 



31416 ; 



whence, j)^y,^^ 

127. Spheric seeiors, segments, and zones, — ^The surface of a zone 
or spheric segment, is equal to the product of the circumference 
of a circle of the sphere, into the height of the zone or segment ; 
or, 

S = 2,r R X H. 

Example, — The height, H, of a spheric segment being 1*5 inches, 
and the radius, R, of the sphere, 7*5 inches, the sarfaoe"— 
S = 2 X 31416 X 7-5 X 1*5 = 70686 tq. inches. 

The volume of a spheric sector is equal to the product of the sur- 
face of its spherical base, into one-third ihe radius of the sphere of 
which it is a portion. 

The corresponding formula is therefore — 

V = 2;rRxHX-^ = -?-irXK'H = 2-094 X K» X H. 



E^BampU, — The volume of the spbetio sector, whose spheno base 
is equal to the surface oonsidend in the previous example, i»^ 

V = 2-094 X 7-5* X 1-6 = 176-68 cubic inches. 

The volume of a spheric segment is equal to the product of the 
arc of the circle of which the chord is radios, into one-sixth of the 
height of the segment ; or, 

V = r »* X ^ = -6296 X ^ H. 
6 

Example^ — ^Let r = 6'5 inches and H 1*5 inches; then the 

vdume — 

V = -5296 X 6-6' X 1& = 83-66 cubic Indies. 

The volume of a spheric ungula is equal to the product of the 
gore, which is its base, into a third of the radius. 
The formula is — 

V = |-AxRM 

where A = the area of the gore. 

The volume of a zonic segment is equal to half the sum of its 
bases, multiplied by its height, plus the volume of a sphere of which 
that height is the diameter ; whence the formula — 

128. Observations, — The volumes of spheres are proportional to 
the cubes of their radii, or diameters. Let V = 14-137 cubic 
inches, and v = 4-188 cubic inches. It will be found that the 
respective radii are— 

R- V/"^- /iyi4l37"_ 
^- V 4088- V "fl88 " ^^' 

^'=^ V 4188 — V 4-188 "" ^' 

and, consequently, D = 3 and d =: 2. 

The cubes of these numbers, that is, 27 and 8, have the same 
ratio to each other as the volumes given ; that is to say — 

27 : 8 : : 14-137 : 4-188. 
When of equal height, cylinders are to each other, as well as cones, 
as the squares of the radii of their bases. 

When of equal diameter, these solids are to each other as their 
heights. 
First, then, we have — 

Vr=rR» X H,andv = »r» X H; 
whence, 

V:t>::R»:r» 
And secondly, 

V = irR»XHandt? = irR»X A; 
whence, 

V : t; : : H : A. 

The Volume of a spbere is to that of the drcumscnbed pylinder 
as 2 to 3. A sphere is said to be inscribed in a cylinder, when its 
diameter is equal to the height and diameter of the cylinder. 

The volume of an annular torus, or ring, is equal to the product 
of its section into the mean circumference. We have pointed out 
(93) that an annular torus is a solid, generated by the revolution of 
a circle about an axis, situated in the plane of the circle, and at right 
angles to the plane of revolution. 

Let R be the radius of the generating circle, and r the distance 
of its centre from the axis, we have— 

V = ir R» X 2ir r = 19-72 R» X n 



and 
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PROPORTIONAL MBSASUREMBNTS OP THE VARIOUS PARTS OP AN ENTIRE ORDER 
THE (MODERN) DORIC ORDER. 



DeslgMtionB of the Members aad Monldliigi 
conBtitutiag the Order. 



MeMorementB eccordlnfc to Ylgnoleiy 
in Modules of 12 Pftrta. 



Amount of 
Projection 
from the 
Axis of the 
Shaft. 



Hei^lrts. 



Meimrements In Dedmeli 
The Module — 1. 



Amount of 

Prct)«ctlon 

from the 

Axis of the 

Shaft 



Helghtik 



pa 

i 



COBHICB,.. 



Rcglct, 

Cayetto, 

FiUet, 

GymatiniDy .....-« 

Corona, 

Fillet, 

Matuies, 

Gutt» 

Fillet 

Cymatiam, 

^ Capitals of the Triglyphs, ., 



Fkiszb,. 



a»«™^'»'{f2S'.: 



M» P. 

2 10 

2 7 

2 6i 

2 6 

2 5 

2 4i 

2 2 

2 4 

1 S 

1 1 

1 OJ 

}}» 

10 

Hi 

10 



} 



■. p. 
3 


x. p. 


n 




4 


• 1 6 


2 




2 . 




16 16 


io}^M 



l* 



2-833 
2-583 
2-542 
2-600 
2-417 
2-376 
2-167 
2126 
1-260 
1083 
1-042 
•969 
•917 

*833 

•959 
'838 



•088 1 

•260 

•042 




•126 




•338 
•042 
•042 
•209 
•042 


. 1-600 


•166 




•166. 




1-500 


1-500 


•167 1 
•838 J 


- 1 000 



4^000 



8 



CAnTAL,. 



Reglet, 

Cymatiam, -| 

Abacus...... 

Echinus, 

Three Annalets, .« -| 

Necking, 



Shaft,. 



Beading or Astragal,.. 
Cincture, 

Shaft Proper, 



Basb,.. 



[Fillet, 
Beading, 
Torus,... .,., 
Plinth, 



1 3J 

1 3l 

1 21 

1 2 

1 1| 

llj 
101 
10 

1 

Hi 

10 
1 

1 U 

1 2 
1 5 
1 6 



4 



J. 13 lOJ 



1 



14 



1 



16 



1-292 

1-271 

1-188 

1-167 

1-146 

•959 

•875 

•833 

1000 
•969 
•833 

1-000 

1-104 
1167 
1-417 
1-417 



•042 

•068 

•209 
•209 

•124 

•333 J 

•088 
•042 

18876 



1000 



14000 



1000 



16000 






i 



CoBncB,.. 



f Reglet, 

Quarter-Round, . 

Fillet, 

Corona,... ^ 

Cymatium........ 



0ADO,.. 



1 11 
1 lOi 
1 9§ 
1 9 
1 61 
1 51 

1 5 



Base,.. 



fFiUet, 

Beading,. « ......^ 

Cyma Rerersa, ........ 

Plinth, 

Sub-Plinth or Socle, . 



6 

7 
7 

f 

9J 



i 

1 

n 



4 4 



1 
S 

I' 



10 



5 4 



1-917 
1-889 
1-806 
1-750 
1-542 
1-459 

1-417 

1-500 
1-688 
1-583 
1-708 
1-750 
1792 



•042 
•083 
•042 
•209 

•124 



•500 



4-000 4000 



•042 
•083 

•166 

•209 
•883 



8-883 



5*333 



Total height of the Order,., 



.25 4 



.25-333 
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PROPORTIONAL MEASUREMENTS OF THE VARIOUS PARTS OF AN ENTIRE ORDER. 

THE TUSCAN ORDER. 



DesigiiAtloDS of the Kembere and Xonldingi 
ooMtitnting tlia ord«r. 



Ajnoant of 

PrqfecUoo 

from th« Axis 

of the SbaSL 



fi 



< 



CORNICB, < 



Quarter-Round, 

Beading, 

Fillet, 

Larmier or Corona, . 
Fillet, 

Cymatium, 



Fribze, 



MeMnremeDta aeeordlng to Vignok 
inMiidalesofl2Parta. 



H. P. 

2 3^ 
2 
1 Ih 

1 lOir 

10 



"4 



Heights. 



r. lb r. 

'1 



1 2 

2 

10 



1 2 
1 



y 3 6 



Meesurements in Decimela. 
The Modale -> 1. 



Amount of 

Prqjectiun 

from the Axis 

of the Shaft 



2-292 
2000 
1-969 
1-875 
1-626 
1126 
•833 

•792 

•969 
•792 



Heights. 



•333 

•083 

*042 

•600 y 1^333 

•042 

•333 



1-167 1-167 
•167) 



•833/ 



1-000 



y 3-600 



o 



Listel, 

Abacus, 

CafitaIh ^ Echinus, or Quarter -Round,.. 

PiUet, 

, Necking, 



Shaft,.. 



\^<'^ {S^'. 

Shaft Proper, | 



1 



}ll lOiJ 



Base,. 



f Fillet,.. 

. < Torus, . 

(Plinth,. 



1 



12 



1 



^ 14 



1-209 

1-126 

1-083 

•876 

•792 

•917 

•875 

•792 

1^000 

1126 
1-375 
1-375 



•0831 

•250 

•250 >► 1-000 

•083 

-334 

•083^ 

•«^ 1 12-000 
11-875 j 

•083 -) 

•417 > 1-000 

•600J 



y 14-000 






COBKICE,., 



fListel, 

I Cymatium,. 



I* 

6 



} '} 



Dado,. 
Bask,. 



fListel, 



Socle or Plinth, . 



1 ^ 



6 
3 8 13 8 

1} ' 



> 4 8 



1-709 
1-667 
1-417 

1-375 

1-542 
1-709 




4-667 



•0831 
•417/ 



Total height of the Order,. 



.22 2 



. 22167 



With the help of these tables we can easily determine the proper 
measurement for any member or moulding, in feet and inches, when 
the height of the whole order is given. For this purpose the g^ven 
height must be divided by the decimal measurement in the tables 
for the total given height ; the quotient is the measurement of the 
module proportioned to such height. Then that of any required 
member is found by multiplying this module into the decimal in 
the table corresponding to such member. 

First Example, — It is required to know what is the diameter of 

* When two measaremeDts are i^iren, the flrst applies to the upper portion, the 
second to the lower. 



the lower part of the shaft according to the Tuscan order, the height 
of the entire order being 16 feet. 
The height of the entire order being 22-167 when the module 

22-167 
= 1, wehave— — -= 1-4778 the module, and 1-4778 X 2 =2-9566 
15 

feet, the diameter of the lower part of the shaft 

Second Example. — ^What is the height of the socle or lower 
plinth according to the Tuscan order, supposing the module to be 
1-4778 feet? We have 1-4778 X -417 = -616. 

In like manner the dimeusions of all the other details may be 
easily determined according to the Tuscan or Doric order. 
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STONE, 



MAUEABLE IROU 
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STEEL. 
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COPPER. 



WOOD. 
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BRASS 



LEATHER 
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CHAPTER V. 

ON COLOUEING DRAWINGS. 



129. Hitherto we have indicated the sectioDal portions of objects 
by means of closely drawn lines to which the name of linear flat- 
tinting is given* This is a very tedious process, whilst it demands 
an amount of artistic skill only obtainable by long practice to en- 
able the draughtsman to produce pleasing and regular effects; and 
although by varying the strength or closeness of the lines as we 
have already pointed out (par. 112), it is possible to express 
approximately the nature of the material, yet the extent of such 
variation is extremely limited, and the distinction it gives is not 
sufficiently intelligible for all purposes. If, however, in place of 
this system, we substitute colours laid on with the brush, we at 
once obtain a means of rapidly tinting the sectional parts of an 
qbject, and also of distinctly pointing out the nature of the 
materials of which it is composed, however numerous and varied 
such materials may be. The colours generally adopted in geome- 
trical drawings are conventional — that is, certain colours are under- 
stood to indicate particular materials. 

In Plate 10 we give examples of the colours applied to the repre. 
sentations of the principal materials in use ; such as stone and brick, 
steel and cast-iron, copper and brass, wood and leather. We pro- 
pose now to enter into some details of the composition of the vari- 
ous colours given in this plate. 



THE COMPOSITION OR MIXTURE OP COLOURS. 
PLATE 10. 

130. 8Ume, — ^Fig. 1. This material is represented by a light dull 
yellow, which is obtained from Roman ochre, with a trifling addi- 
tion of China ink, wanned with a little carmine. 

131. Brick.'^Fig. 2. A light red is employed for this material, 
and may be obtained from vermillion, which may sometimes be 
brightened by the addition of a little carmine. A pigment found 
in most colour-boxes, and termed Light Sed, may also be used 
when great purity and brightness of tint is not wanted. If it is 
desired to distinguish firebrick from the ordinary kind, since the for- 
mer is lighter in colour and inclined to yellow, some gamboge must 
be mixed with the vermillion, the whole being laid on more faintly. 
In external views it is customary to indicate the outlines of the 
iodividual bricks, but in the section of a mass of brickwork this 
may be dispensed with, except in cases where it is intended to show 
the disposition or mode of building up. Thus, in furnaces, as 
also in others tructures, the strength depends greatly on the system 
of laying the bricks. When vermillion is used in combination 
with other colours, the colour should be constantly mixed up by 
the brush — as, from its greater weight, the vermillion has a ten- 
dency to sink and separate itself from the others; and if this is 
overlooked, a varying tint of unpleasing effect will be imparted to 
the object coloured. 

132. Steel or Wrought Jrcm.— Fig. 3. The colour by which 
these metals are expressed is obtained from pure Prussian blue laid 
on Ught — ^being lighter and perhaps brighter for steel than for 
wrought-iron. The Prussian blue generally met with in cakes has 
a considerable inclination to a greenish hue, arising from the gum 
with which ii is made up. This defect may be considerably amended 



by the addition of a little Chinese white, carmine, or crimson lake 
— the proportion depending on the taste of the artist. 

133. Cast Iron, — Fig. 4. Indigo is the^colour employed for this 
metal; the addition of a little carmine improves it. The colours 
termed Neutral Tint, or Faywfe Qray, are frequently used in 
place of the above, and need no further mixture. They are not, 
however, so easy to work with, anddo not produce so equable a tint 

134. Lead and Tin are represented by similar means, the colour 
being rendered duller and grayer by the addition of China ink 
and carmine or lake. 

135. Copper, — ^Fig. 5. For this metal, pure carmine or crimson 
lake is proper. A more exact imitation of the reality may be 
obtained by the mixture, with either of these colours, of a little 
China ink or burnt sienna — the carmine or lake, of course, con- 
siderably predominating. 

136. Braee or Bronze. — ^Fig. 6. These are expressed by an 
orange colour, the former being the brighter of the two; burnt 
Roman ochre is the simplest pigment for producing this colour. 
Where, however, a very bright tint is desired, a mixture should be 
made of gamboge with a little vermilhon — care being taken to keep 
it constantly agitated, as before recommended. Many draughts- 
men use simple gamboge or other yellow. 

137. Wood, — Fig 7. It will be observable, from preceding ex- 
amples, that the tints have been chosen with reference to the actual 
colours of the materials which they are intended to express— <»rry- 
ing out the same principle, we should have a very wide range in 
the case of wood, ^e colour generally used, however, is burnt 
umber or raw sienna ; but the depth or strength with which it is 
laid on, may be considerably varied. It is usual to apply a light 
shade first, subsequently showing the graining with a darker tint, or 
perhaps with burnt sienna. These points are susceptible of great 
variation, and very much must be left to the judgment of the artist. 

138. Leathcrf Vulcanised India-Bubher, and ChUta Pereha, — 
Fig. 8. These are all represented by very similar tints. Leather oy 
light, and gutta pereha by dark sepia, whilst vulcanised India- 
rubber may have the addition of a little indigo to that colour. 

We may here remark, that if the student is unwilling to obtain 
an extensive stock of colours, he may content himself with merely 
a good blue, a yellow, and a red — say Prussian blue, gamboge or 
yellow ochre, and crimson lake. With these three, after a little 
practice, he may produce all the various tints he needs; but, of 
course, with less readiness and facility than if his assortment were 
larger. 

139. Manipulation of the Colours. — ^Wehave seen by what mix- 
tures each tint may be obtained, and we shall proceed to give a few 
hints relative to their application. It may be imagined that it is 
an easy matter to colour a geometrical drawing — ^that is, simply to 
lay on the colours ; but a little attention to the following observa- 
tions will not be misplaced, as the student may thereby at once 
acquire that method which conduces so much to regularity and 
beauty of effect, and which it might otherwise require some practice 
to teach. 

The cake of colour should never be dipped in the water, as this 
causes the edges to crack and crumble off, wasting considerable 
quantities. Instead of this, a few drops of water should be first 
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put in the saucer, or on the plate, and then the required quantity 
of colour rubhed down, the cake being wetted as little as is abso- 
lutely necessary. The strength or depth of the colour is obtained 
by proportioning the quantity of water, the whole being well mixed, 
to make the tint and shade equal throughout Where large sur- 
faces have to be covered by one shade, which it is desired to make 
a perfectly even flat tint, it is well to produce the required strength 
by a repetition of very light washes. These washes correct each 
other's defects, and altogether produce a soft and pleasing effect 
This mode should generally be employed by the beginner, as he 
wilJ thereby more rapidly acquire the art of producing uniform fiat 
tints. A subsequent wash should not be applied until the preced- 
ing one is perfectly dry. When the drawing-paper from any cause 
does not take the colour well, its whole surface should, previous to 
the application of colour, receive a wash of water, in which a very 
small quantity of gum-arabic or alum has been dissolved. In pro- 
ceeding to lay on the colour, care should be taken not to fill the 
brush too full, whilst at the same, time, it must be replenished be- 
fore its contents are nearly expended, to avoid the difference in 
tint which would otherwise result It is also desirable first to try 
the colour on a separate piece of paper, to be sure that it will pro- 
duce the desired effect It is a very common habit with water- 
colour artists to point the brush, and take off any superfluous cokmr, 
by passing it between their lips. This is a very bad and disagree- 
able habit, and should be altogether shunned. Not only may the 
colour which is thus taken into the mouth be injurious to health, but 
it is impossible, if this is done, to produce a fine even shade, for the 
least quantity of saliva which may be taken tip by the brush has 
the effect of clouding and altogether spmling the wash of colour 
on the paper. In place of this uncleanly habit, the artist should 
have a piece of blotting-paper at his aide— the more absorbent the 
better. By passing the brush over this, any superfluous colour 
may be taken off, and as fine a point obtained as by any other 
means* The brush should not be passed more than once, if pos- 
sible, over the same part of the drawing before it is dry; and when 
the termination of a large shade is nearly reached, the brush should 
be almost entirely freed from the colour, otherwise the tint will be 
left darker at that part Care should be taken to keep exactly to 
the outline; and any space contained within definite outlines should 
be wholly covered at one operation, for if a portion is done, and 
then allowed to dry, it will be almost impossible to complete the 
shade without leaving a distinct mark at the junction of the two 
portions. Finally, to produce a regular and even appearance, the 
colour should be laid on as thin as possible; for the time employed 
in more frequently replenishing the brush, will be amply repaid by 
the improved appearance of the work under the artist's hands. 

CONTINUATION OF THE STUDY OF PROJECTIONS. 

THE USE OF SECTIONS— DETAILS OF XACHINERT. 
PLATE 11. 

140. We have already shown, when treating of the illustrations in 
Plate 8, that it is advisable to represent various objects, in section, or 
as divided or cut through, in order to render their internal arrange- 
ment clearly intelligible ; and we may now proceed to show with the 
aid of simdry examples, brought together in IHate 11, that in particu- 
lar cases sections are indispensable, and even more necessary, than 
external elevations. It is with this object that, in many of our 
geometrical drawings, we have given representations of objects, 
cut or sectioned through their axes or centres, so as to accustom 



the student to this kind of projection, the importance and utility of 
which cannot be overrated. Sections are generally taken in this way 
through the centre of the object, either at right angles or parallel to 
the vertical or horizon tal planes of projection, except when something 
is required to be shown which could not be delineated in these planes, 
In such cases sections may be taken on any plane and termed oblique 
and irregular. 

141. FooUkp ^ean'it^.^-Figi. 1 and 2 are the representations, 
in elevation and plan, of a footstep, formed to receive the lower 
end of a vertical spindle, or shaft This footstep consists of several 
pieces, one contained within the other ; and it is evidently irnpos- 
sible to say, from the external views, what their actual entire shape 
may be, although a part of each is seen in the horizontal projec- 
tion, Fig. 2. If, however, we suppose the whole to be divided by 
a vertical plane as dotted through the centre of the plan, Fig. 2, 
parallel to the vertical plane of projection, Fig. 1, we shall be enabled 
to form another vertical projection, Fig. 3, showing the internal struc- 
ture, and this is termed a vertical section, or sectional elevation. 
This figure shows, first, the thickness of the external cup-piece, or 
box, ▲, as also the dimensions of the opening, a, which is made in 
its base, for the introduction of a pin, to raise the footstep proper, 
B, when necessary; secondly, the thickness and internal depth of 
the footstep, B, as also the internal vertical grooves, 6, which 
serve for the introduction of the key, e ; thirdly, the form and man- 
ner of adjustment of the centre-bit, c, which sustains the foot of 
the vertical spindle or shaft This centre-bit, which, of course, 
should not turn with the spindle-foot, is prevented irom doing so 
by means of the key, c, which fits into a cross groove in its under 
side, the key itself being held firmly by the grooves, 6, into which 
its projecting ends are made to fit Of these details, the cop-piece, 
A, is of cast-iron, the footstep, b, of gun-metal or brass, the centre> 
piece, c, of tempered steel, and the small key, c, of wrought-iron. 
Therefore, bearing in mind what has ahieady been said, we may 
indicate these various materials in the sections, either by line- 
shading, of different strengths, as in Fig. 3, or by means of colours, 
corresponding to those employed in plate 10; and we may here 
remark, that where line-sectioning is used, brass, gun-metal, or 
bronse, is frequently expressed by a series of lines, which axe alter- 
nately full and dotted, as shown at Figs. 6 and 12. There are, 
besides, many ways of varying the effects produced by line-shad- 
ing. For example, the spaces between the lines may be tdteraately eft 
different widths, or the lines may be alternately (^different strengths. 
Strictly speaking. Figs. 2 and 3 are all that are necessary (<x the 
representation of the object under discussion. The cup-piece, a, 
however, which is externally cylindrical, has, at four points, dia- 
metrically opposite to each other, certain projecting reetaoguiar 
pkne surfaces, d^ which are provided to receive the thrust of the 
screws which adjust the footstep accurately in the centre. The 
width of these facets is shown in the plan. Fig. 2, whilst their 
depth is obtainable from the elevation. Fig. 1. If, instead of these 
facets, «f, being, as they are, tangential to the cylinder, a, they had 
projected, in the least, at their centres, their depth would neces- 
sarily have been given in the section Fig. 3, and in such case the 
elevation. Fig. 1, might have been altogether dbpoised with. 
Whilst referring to the representation of the projecting facets, in 
connection with the cylinder, a, we may remark, that when a cylin- 
der is intersected by a plane, which is parallel to its axis, the line 
of intersection is always a straight line, as seen on each side of 
Fig. 1, by the junction of the edges of the facets, d^ with the 
the cylinder. A, Figs. 1 and 2. 
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1 12. 8tuffing'\)x Cover, or Gland, — In pumps and steanvengine 
cylinders, the cover is furnished, at the opening through which the 
piston-rod passes, with a stuffitig-box, to prevent leakage. The 
hemp, or other material used as packing, is contained in an enltoge- 
ment of the piston-rod passage, and is tightly pressed down by a 
species of deep annular bush, a., with a ffange at the top, which is 
formed into Tugs, ^ as represented in elevation and plan. Figs. 4 
and 5. In this instance, the necessity of a sectional view is still 
more obvious than in the case of the footstep already treated of. 
In the vertical section, Ftg. 6, it is shown, that the internal diameter 
is not unifonn throughout, and that there is a bush or deep ring, b, 
let in through the lower part, a, of the gland. The cylindrical 
opening, b, of which is only just wide enough to allow the piston- 
rod to play up and down within it, while the internal diameter of a 
portion, c, at the very top of the gland, is only a very little larger. 
The part, n^ however, comprised between these two, is much larger 
in diameter and forms a hollow and annular space, or cup, to hold 
the oil for lubricating the rod and stuffing-box. It is further 
discernible in the section, that the flanges or lugs, s, which project on 
either side of the upper portion of the gland, have each a cylindrical 
opening, F, throughout their whole depth. These are the holes fbr 
the bolts, which force down the gland, and secure it to the corre- 
sponding flanges, or lugs, on the stuffing-box. The annular cup, or 
hollow ring, 0, at the upper and internal part of the gland, acts as 
a reservoir, into which the lubricating oil is first poured, and whence 
it gradually oozes into the interior. When it is an inverted 
stuffing-box, the part at c, is made to fit the rod, the same as the 
part, B, and the oil is admitted into the part, D, by a cock for the 
purpose. The ring, or bush, b, is forcibly fitted in either from the 
top or bottom of the gland, and riveted at the opposite end. The 
lower end or edge of the body part, a, of the gland, is bevelled so 
as to wedge or force the packing, which is in the socket-part of the 
stuffing-box beneath it, against the moving-rod, and thus form a 
steam-tight joint. The bush, B, is generally made of brass, both 
with a view to lessen the friction, and to its being replaced with 
facility when worn, without the necessity of renewing the whole 
gland. The latter is generally made of cast-iron, though the whole 
is sometimes made of brass or gun-metaL 

To complete the outline of the plan, Fig. 5, it is required to draw 
the arcs, ae c, of the lugs, e, gliding into the top flange of the 
gland. Through the centres, f, of the lugs, draw the perpendicular, 
d F ahyioihe centre line, f o f ; then from the point, a, where this 
perpendicular Intersects the outline of the snug, make a d, equal to 
o c, the radius of the outline of the flange of the gland (Fig. 9, 
Plate 3, Problem 40) join d o, and bisect it by a perpendicular, 
which will intersect d a, produced in h, the centre of the arc re- 
quired, and a b will be its radius, all the other points, h, can aow 
be found by taking the radius, o 5, and o, as a centre, and intersecting 
the perpendiculars through the centres, f, of the lugs, as shown by 
dotted lines, in Fig. 6. 

143. Spherical Joint, — In some cases, a locomotive receives water 
from its tender by means of pipes which are fitted with spherical 
joints, as a considerable play is necessary in consequence of the 
engine and tender not being rigidly connected together ; and abo to 
obviate any difficulty of attachment from the pipes in the locomotive 
not being exactly opposite to those in the tender. This species of 
joint, represented in elevation and plan, in Figs. 7 and 8, gives a 
free passage to the water, in whatever position, within certain limits, 
one part may be with respect to the other. For its construction to be 
thoroughly understood, the vertical section, Fig. 9, is particularly re- 



quired. This view, indeed, at once explains the various component 
parts, consisting — ^first, of a hollow sphere. A, of the same thickness 
as the pipe, B, of which it forms the end ; and, second, of two hemi- 
spherical sockets, and d, which embrace the ball, a,, and which are 
firmly held together by bolts passing through lugs, e. When this 
species of joint is used of a small size, as at the junction of a gas 
chandelier with the ceiling, the two half-sockets are simply screwed 
together — ^this method, indeed, being adopted in many locomotives. 
It must be borne in mind, that our object in this worki s simply to 
instruct the student to represent accurately mechanieat and other 
objects, and for this pnrpose we employ both precept and example ; 
but such examples do not necessarily refer to the latest and most 
improved or efficient forms. The half-socket, c, forn^is part of the 
continuation, f, of the feed pipe, whilst the half-socket, d, is a 
detached piece, necessarily moveable, to allow of the introduction 
of the spherical part, a. This half-socket, d, is partially cut away 
at the lower part, and does not fit closely to the nec^ of the ball 
This allows the pipe^ b, to move to a slight extent fronx side to side 
in any direction; and the upper end of the ball, a, is out away to a 
corresponding extent, to prevent any diminution of the opening into 
the pipe, f, when the two portions are thus inclined to each other. 
The pipe, f, with its half^ocket, c, is an example of the combina- 
tion of a cylinder with a sphere, and gives us occasion to observe, 
that the intersection formed by the meeting or junction of these 
surfaces is always a circle in one projection, and a straight line in the 
other, as shown by the lines, marked o. Fig. 9. The subject of 
such intersections wiU be discussed more in detail in reference to 
Plate 14. The sockets, c and d, are formed with fb^r external lugs, or 
eye-pieces, e, sometimes tenned snugs, for connection by bolts, as 
before stated. The curved outlines of these lugs, which glide tangen- 
tially into that of the body of the socket, give rise to the solution of a 
problem whidi may be thus pnt : To draw with a given radius an arc 
tangential to two given arcs. The solution is thus obtained : with the 
centres of the sockets and the lugs respectively, and with radii equal 
to those of the respective given arcs, plus that of the required arc, 
describe arcs at about the position in which the centres of the 
required arcs should be ; the intersections of these arcs will give 
the exact centres of the arcs required to be drawn, and the lines 
joining these centres with the centres of the socket and lugs, 
give the points of junction of these area with the other two, as 
shown in dotted lines to the right of the lower hig, in Fig. 8. This 
spherical joint, which requires great accuracy of adjustment of the 
different parts, is generally cast in brass, being finished by turning 
and grinding. 

144. Safety Valve and Others, — ^To insure, as far as is practically 
possible, the safe and economical working of steam boilers, they 
are usually fitted with pressure gauges, level indicators, alarm 
whistles, and safety-valves. The object of the safety-valve is to 
give an outlet to the steam as soon as it reaches a greater pressure 
than it has been determined on, and for which the valve is loaded. 
Figs. 10, 11, and 12, respectively, represent an elevation, plan, and 
vertical section of a valve and chest in common use, as safety, 
suction, and discharge valves. This apparatus consists of two 
distinct parts ; first, the cast-iron valve-chest, a, directly fixed to 
the top of the boiler by its flanges, or through intermediate branch 
pipes, the joints being made perfectly steam-tight by means of 
screw-bolts and layers of canvas and cement ; second, the valve-seat, 
B, and the valve itself, c, which is sometimes cast in iron, but more 
generally in brass. The valve-piece, c, is cast with a central spindle, 
which works in a round hole bored in the centre of three arms in 
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the valve-seat, b, and serves to guide it in its proper place ; the 
openings between these arms forming a passage for the egress of 
the steam or other fluid. The face, or bearing of the valve-piece, c, 
or the part by which it rests on the seat, B, consists of a very narrow 
annular bevelled surface ; and the upper edge of the seat, b, is 
bevelled off internally so that the surfaces on which the valves rest, 
are in the closest contact, and form a tight joint when shut When 
this valve is used as a safety-valve, the upper surface of the valve- 
piece, G, is furnished with a spindle, which is sometimes carried up 
through a stuffing-box in the cover and loaded either by a weighted 
lever, or weights put direct on the spindle outside or inside the chest, 
A, the weight, being regulated to correspond with the pressure to 
which it is deemed safe to submit the boiler, so that, when this pres- 
sure is exceeded, the valve rises, and the steam blows off as long as 
relief is necessary. But when this valve is used as a suction or 
discharge-valve for pumps, as shown, this spindle is very short, and 
serves to keep the valve, c, from lifting too high, by coming up 
against the head of the bolt which secures the cover, K, by passing 
through a cross-bar, f, inside the chest, A, and having a nut, d, out- 
side, or on the top of the cover. 

145. SquiUbnum or Double-beat Vcdve$, — Steam engines of large 
dimensions, such as those for pumping, employed in Cornwall, as 
well as marine engines, are often furnished with a species of double- 
beat or equilibrium valve in place of the ordinary D slide. An 
example of this description of valve is given in Figs. 13, 14, and 15. 
It possesses the property of giving a large extent of opening for the 
passage of the steam, with a very little traverse, and very little 
power is required to work the valve. The valve here represented 
consists of a fixed seat, a, of cast-iron or brass, and forming part of, 
or is secured to the valve chamber ; and a bell-shaped valve-piece, b, 
also in brass, fitted with a rod, o, by means of which it is moved. 
The contact of the valve with its seat is effected at two places, a and 6, 
which are formed into accurate conical surfaces, the one, a, being in- 
ternal, and the other, 5, external. When the valve is closed, these 
surfaces coincide with similar ones on the seat, and when it is lifted, 
as in Figs. 13 and 15, two annular openings are simultaneously 
formed, thus giving a double ingress or egress, as the case may be, 
to the steam — which enters or issues through the upper opening, a, 
through the central part, or large annular space, D, formed in tbe 
valve-piece, b. The rod or spindle, c, of the valve, b, is fixed to a 
centre-eye cast in one with the valve-piece, and connected to it by 
four arms, c. The seat is similarly constructed, with four arms, or 
deep feathers, having an annular ring at the base, the top edge of 
which is bevelled and groand to fit the lower edge of the valve, b, and 
when lifted, forms the lower opening at b. Through the hole, a^, in 
the centre at the top end, which is composed of a solid hollow disc, or 
concave surface, there is passed a bolt, which, with a nut and washer, 
screws the valve-seat steam-tight, to the steam-chest in which they 
are placed. The external contour of this valve presents a series of 
undulations, involving the following problems in their delineation : 
— To draw the curved junction of the body of the valve with the upper 
cylindrical part. This is similar to the one treated of in reference 
to Figs. 9, or 9 A, Plate 3, Problem 40, and may be easily drawn 
with the assistance of the enlarged detail. Fig. 16, Plate 11. Let o 
be the centre of the given are, a 6, of the body part, and d the 
X)oint of contact in the line, c d, forming the outline of the upper 
cylindrical part, through whieh the required circle is to be drawn, 
tangentially to them. Through d^ draw the perpendicular, e df^ 
making (^/ equal to o a, the radius of the given arc, join /o, and 
bisect it by the perpendicular, g e, which will cut the line,/d, pro- 



duced in the point, e, the centre of the required circle, and e d, or 
e b, will be its radius. Kext, for the junction of the arms, c, with 
the more elevated boss, we require : To draw an arc tangent to a 
ffiven straight line, and passing through a given point. The solution 
of this is extremely simple, we have merely to erect a perpendicular 
on the top line, through the given point of contact in it, and a 
perpendicular bisecting the line joining this point of contact, and 
the one in the boss, will cut it in the centre of the required circle ; 
this construction is dotted in at the top to the left of Fig. 13. 

The central leaves or feathers of the seat, a. Fig. 15, are finished 
off at the lower part by an ogee, drawn according to Problem 42, 
already discussed in reference to Figs. 13 and 14, of Plate 3. 

The student will now see the imperative necessity of internal 
views, or sections for, the perfect intelligibility of the construction 
and action of various pieces of mechanism. With reference also 
to the examples collected together in this plate, a little considera- 
tion will show that the internal formation could not generally be 
sufficiently indicated by dotted lines ; for, besides the complication 
i|nd confusion that would result from such a method, many such 
lines would confound themselves with full ones representing some 
external outline. 

We have not thought it necessary to enter more into detail 
respecting the modes of constructing the various outlines, being 
persuaded that the dotted indications we have given, along with the 
references to former problems, will be quite sufficient for the student 
who has advanced thus far, the more so since the requisite operations 
bear great resemblance to those treated of in reference to Plate 3. 



SIMPLE APPLICATIONS. 

8PIKDLES, BHAFTS, GOUPLINQS, WOODEN PATTEBKB. 
PLATE 12. 

146. For the transmission of mechanical action, under the form 
of rotatory or partial rotatory motion, the parts of machinery 
technically known as shafts or spindles, of wrought and caat-iron 
and wood, are used. Shafts of the latter kind, namely, cast-iron 
and wood, are employed chiefly in hydraulic motors, water and 
wind mills, and in all machines where a great strain has to be 
transmitted, rendering considerable bulk necessary. Of these two 
kinds, wooden shafts, being more economical, have been preferred 
in some cases, particularly when the length is great, since they will 
better sustain severe shocks. Wrought-iron shafts are employed 
for the transmission of motion in factories and workshops, and for 
the main paddle-shafts of steam-vessels. Wrought-iron has the 
advantage of being less brittle than cast, and of possessing greater 
tenacity and elasticity, and is preferable in situations where they are 
liable to irregular strain or sudden shocks. 

147. Wooden Shafts. —Figs. 1, 4, 5, and 6, represent different 
projections of a wooden shaft, such as is used for a water-wheeL 
Fig. 4 shows, on one side, a lateral elevation of the shtift, furnished 
with its iron ferules or collars, and its spindle ; and at the same 
time, on the other side, a vertical section, passing through the 
centre of the ^haft, giving the ferules in section, but supposing 
the gudgeon or central spindle, with its feathers, to be in external 
elevation, Generally, in longitudinal sections of objects enclosing 
one or more pieces, the innermost or central piece should not be 
sectioned, unless it has some internal peculiarity — ^the object of a 
section being to show and explain such peculiarity where it exists, 
and being quite unnecessary where the object is simply solid. In 
the same manner, it is not worth while sectioning the various 
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minntias of machineiy snch as bolts, and nuts, simple cylindrical 
shafts, rods, and screws, unless these are constructed with some 
internal peculiarity. 

Fig. 5 is a transverse section through the middle of the shaft, 
and merely shows that it is solid, and that it has the external 
contour of a regular octagon. Fig. 6 is an end view of the same 
shaft, showing the fitting of the spindle, with its feathers, into the 
socket and grooves, formed in the end of the shaft to receive them, 
and the binding of the whole together by the ferules or hoops. 
These views are what are required to determine all the various parts 
of the shaft. It consists, in fact, of a long prismatic beam of oak, a, 
of an octagonal section, and of which the extremities, a, are rounded, 
and slightly conicaL The spindles, b, which are let into the ends, 
are each cast with four feathers, c, and a long tail-piece, D, uniting 
and strengthening them. Some engineers construct the spindles 
without the additional tail -piece, D. Though this simplifies the 
thing considerably, it is an arrangement which does not possess so 
much strength as when the spindle is longer. The beam-ends are 
turned out and grooved to receive these spindles, the grooves for 
the feathers being made rather wider than the feathers themselves. 
When the spindles are introduced into the sockets, at a, thus formed 
for them, the whole are bound together by means of the iron hoops, 
B, which are forced on whilst hot. After this, hard wooden wedges, 
e and e, are jammed in on each side, and at the edges of the feathers, 
thus tightening and solidifying the whole mass. In addition to this, 
iron spikes, 7, are sometimes hammered in, to jam up the fibres of 
the wood still closer. Fig. 1, which is a shaded and finished 
elevation of one end of the shaft, gives an accurate idea of its 
appearance when complete and ready for adjustment in its bearings. 

148. Cast-iron Shaft. — ^There are several kinds of cast-iron shafts. 
Some are cast hollow, others are quite solid, and cylindrical or 
prismatical in cross section. Such as are intended to sustain very 
great strains, are generally strengthened by the addition of feathers, 
which project more towards the middle. These feathers give great 
rigidity to the piece. A shaft of this description is represented in Fig. 
7, half being in exterual elevation, and half in section through the 
irr^^lar line, 1, 2, 3, 4, in Fig. 8, which is an end view of the same 
shaft, and Fig. 9 a tranverse section through the line, a a^ in 
Fig. *l. In practice, it is not considered absolutely necessary that 
a section should follow a straight line. Frequently a much greater 
amount of explanation may be given in one view, by supposing the 
object sectioned by portious of planes at different parts, and solid 
and easily comprehended portions are generally shown in elevation, 
as the feathers of the shaft, in the present instance, or the i^)okes 
of a spur-wheel or pulley. The shaft under consideration is such a 
one as is employed for hydraulic motors. The body, a, is cylindrical 
and hollow, and it is cast with four feathers, b, disposed at right 
angles to each other, and of an external parabolic outline, so as to 
present an equal resistance to torsion and flexure throughout. 
Near the extremities of these feathers, four projections are cast, for 
the attachment of the bosses of the water-wheel. These projections 
are formed vrith facets, so as to form the comers of a circumscribing 
square, as shown in Fig. 8 at the lower part ; and they are planed 
to receive the keys, by which they are fixed and adjusted to the 
bosses or naves, which are grooved at the proper places to receive 
them. The qpindles, or journals, D, which terminate the shaft at 
each end, are cast with it, and are afterwards finished by turning. 
The shaft thus consists of only one piece or casting. 

149. Although we have already shown the mode of drawing a 
parabola, in Plate 5, the outline of the shaft feathers affords a 



practical exemplification, which it will be useful io illustrate. We 
here also give the method generally adopted (because of its sim- 
plicity) when the curve is a very slow or obtuse one, such as is 
given to the feathers of shafts, beams, side-levers, connecting-rods, 
and similar castings. It is understood, in these cases, that two 
points in the curve are given ; the one, a, Fig. 7, being at the 
summit, and at the same time in the middle of the piece, and the 
other, h, situated at the extremity. In the present instance, we 
suppose the heights, a c and h d, from the axial line, m n, of the 
shaft to be given. This line, m n, may also be taken as the centre 
line of a beam, or connecting-rod. After having drawn through 
the point, 5, a line, as dotted in, parallel to the axis, divide the 
perpeodicular from a to this line, into any number of equal parts, 
and transfer these divisions to the line, h i, the prolongation of the 
line, d b ; then draw lines from the points, 1, 2, 3, to the summit, a. 
Further, divide also the length, c d, into the same number of equal 
parts as the perpendicular, and through the divisions, V, 2\ 3^ draw 
other perpendiculars, the respective points, /, ^, A, of intersection 
of these with the lines already drawn, will be points in the required 
curve. As the lower feather is an exact counterpart c^ the upper 
one, the perpendiculars may be prolonged downwards, and corre- 
sponding distances, as 1* /* ; 2^ g^ ; and 3^ A* ; set off on them. To 
draw, also, the half of each feather to the left, it is merely necessary 
to erect perpendiculars of oorresponding lengths, at corresponding 
points in the axis. A different mode of drawing this curve is 
sometimes adopted; namely the one which we have already given 
in Plate 9, for the entasis of the Tuscan column. As, however, it 
does not possess the advantages of the true parabolic form, and as 
the curve becomes too sudden towards the extremities, we think the 
mode given in Plate 12 is to be preferred. 

Fig. 3 represents a portion of the shaft just discussed, shaded 
and finished, the lines running in different directions, the better to 
distioguish the fiat from the round surfaces. 

150. Shaft CoupUng, — In extensive factories, and other works, 
where considerable lengths of shafting are necessary, they have to 
be constructed in several pieces, and coupled together. These 
couplings are generally of cast-iron, and formed of one or more 
pieces, according to their size. One form consists of a species of 
cylindrical socket, accurately turned internally, which receives the 
ends of the two shafts to be connected, these being scarfed or halved 
into each other, so as to be bound well together, and revolve like 
one continuous piece. According to another form, two sockets are 
employed, of increased diameter at the part where they meet, and 
formed at this part into quadrant-shaped clutches, gearing with 
each other. The coupling represented in side elevation, in Fig. 10, 
is of this kind ; and in front or end elevation, as separated in Fig. 11. 

This coupling was designed for an eight-inch shaft, of which the 
diameter at the collars, or swell for the coupling, was 10^ inches. 
The socket, a, of the coupling, is adjusted on the end of the first 
part of the shaft, c. The other socket, a*, is similarly adjusted on 
the end of the other part, c*, of the shaft. These two socket-pieces 
gear with each other, when brought together, by means of the 
projections or clutches, b and bS concentric portions, however, 
being adapted to fit the one into the other, to insure the coincidence 
of their centres. In some cases a small hole is bored in the centre 
and end of each shaft, into which a pin is inserted, to insure the 
firm and true adjustment of both shafts in the same axial line. 
Y\g. 11, which is a front view of the socket-piece, a, shows the 
exact shape and dimensions of these projecting clutches, each 
occupying a quadrant of the circle on the face of the socket-piece. 
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Those of the second piece, a^, are precisely the same, occupying, 
however, the intervals of those on a, so that the two may fit exactly 
mto each other, as shown in Fig. 10. The perfect and accurate 
union of these coupling-pieces with the two portions of shafting is 
obtained, in the first place, by means of two keys, a, diametrically 
opposite to each other, and let half into the shaft, and half into the 
socket-piece ; and secondly, by screws, 6, one of which is visible in 
Fig. 10. The keys, a, are for the purpose of fixing the coupling- 
pieces to the two portions of shafting, making them solid therewith ; 
and the screws, 5, prevent the longitudinal separation of the two 
halves of the coupling. This is also sometimes done by bolts passed 
through the enlarged part of the sockets, parallel to the axis in the 
centre of the clutches, b, and the recess for receiving them. 

THE UODE OF CONSTRUCTING A WOODEN MODEL OR PATTERN 
OP A COUPLING. 

151. After the design for any piece of mechanism which it is 
proposed to cast has been decided on, it is generally necessary to 
construct a model or pattern in wood, by which to form the 
moulds for the casting. The proper formation of such a pattern 
is no easy matter, and requires considerable skill on the part of 
the pattern-maker, as also a knowledge of the kind of wood most 
appropriate, and of the various precautions needed to insare success 
when the mould comes to be prepared. 

Tt is customary to construct the patterns of deal, because of its 
cheapness. Sometimes, however, plane-tree or sycamore or oak is 
used ; and for small patterns, and such as require great precision, 
mahogany, box, or walnut. Whatever kind of wood is used, it 
should be perfectly dry, and well seasoned. The pattern is made 
solid, or hollow, and built up, according to the dimensions of the 
object. For a drum, for instance, a column of any considerable 
width, a steam-engine cylinder, or for a coupling of large size, 
such as that represented in Figs. 12, 13, and 14, the pattern is 
generally hollow, for economizing the wood, and reducing the 
weight of the piece. Also, if built up, there is less risk of warping 
or alteration of form, from changes of temperature. In Fig. 13, the 
pattern of a coupling-piece is represented, partly in external -side 
elevation, and partly in longitudinal section, being cut by a vertical 
plane, passing through the axis. Fig. 12 is a front elevation, 
showing the projecting clutches, b. It is easy to see from these 
views, that the pattern is formed of two boards, d d^, round the 
circumferences of which are fitted a series of staves, e, secured to 
the boards by screws. The wood for these staves is first cut up 
into pieces of the required thickness, and the sides are then bevelled 
off, to coincide with the radii, as at (2 and e, Fig. 14. They are 
then fitted to the boards, d d^ and at this stage present the ap- 
pearance of the left hand portion of Fig. 14. The drum is afterwards 
put into the lathe, and the circumference is reduced to a cylindrical 
surface, like the right-hand portion of the same figure. 

On one of the ends, d, of this drum, is fixed the projecting 
«lutch-piece, B, which has been previously cut out of a board of 
greater thickness, so as to present the outline as shown in Fig. 12. 
On the opposite end, j>\ of the drum, are fixed several discs, or 
thicknesses, of wood, f, which are turned down .to a diameter 
proportionate to the central socket which it is intended to form in 
the coupling-piece. After having been turned where necessary, the 
pattern is treated with sand-paper to make the surface as smooth as 
possible, and to prevent the adherence of the loam of which the 
mould is foraged. Such patterns, particularly when of small size, 
are moreover coated with black-lead, well rubbed in, to give a polish 



and hardness to the surface. The diameter of the core-piece, f, is 
less than that of the shaft to which the coupling is to be fitted, so 
as to leave some margin in the casting for turning and grinding 
down the socket to the exact dimensions. The core itself, which 
gives form to the socket, is a cylinder of loam placed in the centre 
of the mould, fitted into the recess formed for that purpose by the 
piece, F. As in the present example, the core being very short, 
the mould would be constructed on end, and would not require 
further support ; but where a core is very long, or placed in a 
horizontal position, it requires to be supported at both ends, and, 
farther, to be strengthened by wires or rods passing through its 
centre. For this reason, a core-piece, as F, is only attached to one 
end of the drum. It will be observed that this is slightly cofnical ; 
the drum is so also, but to a less extent ; the core itself, however, 
is quite cyhndrical. 

152. Draw, or Taper, and SHBStinc, or Allowance /or OontradiorL 
— ^In order that the pattern may be lifted from tihe mould without 
bringing away portions of the sides, it is necessary to form its sides 
with a slight taper, or draw, as it is tecknicaJly called. For 
example, the diameter of the core-piece, F, as well as that of the 
drum itself, must be less at the lower extremity, or at the part first 
introduced into the mould, than at the opposite extremity. A very 
•slight difference of diameter is sufficient for the purpose. 

Cast-iron, as is the case with most of the metals used in engiBeer- 
ing, is of less bulk, when cold than when in a state of fusion, aad 
because of this contraction, it is necessary to make the patterns of 
somewhat larger dimensions than the casting is to be when finished. 
It follows that when the pieces to be cast have afterwards to be 
planed, turned, ground, or grooved, it is necessary to bear in 
mind, in constructing the wooden pattern, not only the after re- 
duction due to the contraction, or, as it is termed, the •thrink, of 
the metal, but also that which is occasioned by the reducing 
processes involved in finishing the article. In general, grey iron 
requires an allowance for shrink of from 1 to Ij^ percent.; white 
iron, however, requires a much larger allowance. The allowance 
to be made for the reduction caused by the finishing processes, 
depends entirely on their nature. 

When, with a view to avoid the expense of instructing a 
pattern, the mould is formed from the actual object whioh is to be | 
reproduced or multiplied, the mould-makers obtain the necessary j 
margin by shifting the model slightly during the formation of the | 
mould. This, of course, can only be done with advantage when ! 
the piece is not of intricate shape. 



BLBMBNTABY APPLICATIONS. 
PLATE 13. 

BAILS A29D CHAIB8 FOB BAILWATS. 

153. In the majority of British railways, the two malleable iron 
rails on which the trains run are placed at a paraDel distance apart of 
4 feet 8^ inches, termed the ''narrow gauge ;" but in some instances 
they are placed at the distance of 7 feet, termed the ''broad gauge ;" 
and they are usually rolled in lengths of 15, 18, and sometimes 21 
feet. Rails are of various shapes ; but the one we describe and give 
an example of, is that which is in most general use, and is termed 
the double T headed rail. These rails are supported by pieces of 
cast-iron called "chairs," which «re fastened down to sleepers lying 
across the line of parallel rails 4it intervals of 3 feet, thus giving G, 
7, or 8 sleepers, as the case may be, to every pair of rails. The 
sleepers are 5 inches thick, and have a bearing surface of 9 feet lon^ 
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by 10 inches in width, and are generally sunk into the earth, or 
ballast of broken stones, to their upper surface. In the best lines of 
railway, this ballast, or top surface of the roadway, is always well 
drained. The chairs at the junction of the rails are usually about 
double the length, and sometimes of greater width also, so as to 
render the rectilinear junction of the rails most secure and perfect. 

In Plate 13, we give details of the most approved rail and chair 
now in general use, drawn to one half of their natural size— all the 
sizes necessary for the drawing of the same being marked in plain 
figures of feet, inches, and parts of inches, at their respective parts 
on the drawing. There are many different forms of rails and chairs ; 
but as the rules and modes of drawing all of them are pretty much 
alike, we tbink the example here given will make the subject suffi- 
ciently understood, and give the young beginner both a liking and 
facility for putting in practice the problems which bave already 
been given, and in combining them so as to produce the simple 
forms and figures of this plate, so that he may subsequently be 
enabled to comprehend the more abstruse ones, which will enable 
bim to draw complete plans and complicated figures. Figs. 1 and 
2 of this plate are end and side elevations, at right angles to each 
otber, of a railway chair, with a portion of the rail which it sup- 
ports. Fig. 3 is a plan of the same, corresponding to Fig. 1 ; and 
Fig. 4 is an end view of the rail detached, so as to avoid confusion 
in showing the methods of drawing the rail and chair. This chair, 
wbich is made of cast-iron, and is designed with the view of com- 
bining solidity and strength with economy of material, consists of 
a flat base, a, 4^ inches in length by 13f incbes in width, over the 
snngQ, which have two holes, a, one in each of them, set diagonally, 
as seen in the plan. Fig. 3. These holes have a slight taper towards 
tbe top side, so as to allow of the bolts or spike-heads being stronger, 
and to have a wedging effect in tightening and holding down the 
obaar to tbe sleepers, into which they are driven. The advantage 
of putting the bolts or nails on the angle, as stated, is, that the two 
nails of the same chair do not enter the wooden sleeper in the same 
line of fibres, and therefore has mucb less tendency to split it. The 
chair has also two jaws, b and o, standing up in a vertical direction 
from the base, a, having a kind of dove-tail recess between them 
for holding the rail, d, and wooden key, or wedge piece, x, and are 
eacb strengthened on the outside by a central feather or bracket, 
B^ and c\ running out along the sole as far as the head of the nails 
will admit. The jaw, b, is made rather shorter than c, and nearly 
fits the contour of the rail, while the latter fits the outside of the key, 
x^ wbich, being nearly symmetrical, can, on an emergency, be re- 
versed upside down ; but as the jaw, c, and key, x, have a slight taper 
towards the right hand side, the key cannot be reversed end for end ; 
that is, when standing on the outside of the rail, from which side 
the keys are always driven. Thus it will be seen that it is a chair 
and rail on the left hand side of a line of railway we have shown, 
aad the bead, or thick part of the key, is that marked, e*. 
When the keys are removed, the recesses in the cbairs are large 
ewMigh to allow of the removal of the old, and replacement of new 
rdls, without disturbing the chairs, which have been previously set 
to the proper gauge. Below each of the jaws, B and c, and their 
feathers, at the thick part formed by their junction with the sole, 
A, there aie two hollows formed, for economy and lightness, also 
to prevent the shrinking of the metal, and consequent imperfection 
of the casting. These hollows, as well as the holes through which 
thebolts pass, are shown by dotted lines in Figs. 1 and 2 ; a system 
which is frequently adopted in instances like this, in order to dis- 
pense with a cross aection, where the parts are few and simple, 



and in this way the number of figures are reduced without sacri- 
ficing clearness of detail. 

154. In commencing to draw the end view of the chair and rail, 
Fig. 1, the student lays off the horizontal base line, a h, and vertical 
centre line, b^ c^ in the usual way, then with the given thickness of 
the sole draw a line parallel to the base line, and this will give the 
proper top surface at a, of the snugs, where the nails pass through. 
On the centre line, b^ c\ set off c* c, equal to tbe given thickness of 
the sole at the part under tbe rail, and from the point, c, draw tbe 
centre line, b c, of the rail, lying at an angle as regards the vertical 
line, b^ c\ with an inclination inwards of one in twenty, or a ^ of an 
inch on the whole height of the rail, which is 5 inches. At this 
point the rail, n, must now be drawn, since it is from it that tbe 
other parts of the chair take their form and character. At Fig. 4, we 
have shown a vertical end view of the rail detached, so as to show the 
method of drawing it distinct from the chair, and in the construc- 
tion, to illustrate some of the former problems, which will be of use 
for drawing other parts of the chair further on. It presents afigure 
which is symmetrical both with reference to the vertical oentre line, 
b c, and also to the horizontal centre line, d e, this permits of its 
being turned when the top side is slightly worn, or a flaw discovered 
on the top surface, which may do no harm on the under side, or 
prevent its being firmly secured in the chair. This rail is considered 
one of the strongest forms that can be adopted for the iron it con- 
tains, which is 75 lbs. per yard, its outline is composed of straight 
lines and arcs, which are geometrically and evenly joined into eacb 
otber, forming tbe pleasing, sturdy figure of an I, but it is usually 
termed tbe double T beaded rail, marked thus ''L" The rail itself 
is shown in sharp outline. Fig. 4, and the more obvious operations 
necessary for drawing it, which would only be in pencil, are shown 
in dotted lines, with the various sizes and lengths of radii marked 
in plain figures, and are for the most part a repetition and combi- 
nation of the problems treated of in Chapter III., on Linear Drawing. 
In the detached Figs. 5 and 6 are a few of the more abstnise prob- 
lems necessary for drawing the rail. Fig. 4, one of which requires 
and gives rise to another practical illustration of Problem 38, 
Fig. 3 or 4, Plate 3— which is, to draw an arc, ij k, tangent to tbe 
straight lines, fg and g A, the radius, o k, being given equal to 
-|^ of an inch, or one of the points of contact, t, k, being given. 
This problem meets with an application at ij k, Fig. 4, and is here 
shown detached and to a larger scale, to make it more distinctly 
understood. 

155. In Fig. 5, we bave an example of the Problem 40 or 41, 
wbich requires that an arc, Z m n, be drawn tangent to a straight 
line, pp^, and to a given arc, qb I, the point of contact, n, or the 
radius, n t, being given; in the first instance, as in Fig. 9 or 11, 
Plate 3, make n s, perpendicular to^* n/>, and equal to the radius, h r, 
of tbe given arc, qbl\ join s r, and bisect it by the perpendicular, 
i ti, the point, i, of intersection with the line, n s, is the oentre of 
the required arc, and n t, its radius. In the second instance let the 
radius, n ^, be given equal to ^ an inch, then draw t i^ parallel to pp^. 
Problem 4, with a perpendicular distance between them of ^ an inch, 
then from r, the centre of the given arc, qbl, with a radius, r i, equal 
to rb, the radius of the given arc, minus tbe given radius, nt; 
describe the arc, 1 1, and it will cut the line, t i^, in t, the centre of the 
required arc, n fn 2, Problem 41, Fig. 11, Plate 3 ; join r t, and produce 
it to cut the given arc in 2, which will be the point of junction of the 
two arcs. Otherwise let it be required to draw an arc, n^nml^ tan- 
gent to tbe same given arc, qb I, and to two given lines, making 
an angle with each other, p p^ and fg. Bisect the angle, p^ v g, 
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contained by theso lines, Problem 38, Fig. 5, Plate 3, by the line, 

V v>, and the centre of the required arc must fall on a point in this 
line. Then, by Problem 40, Fig. 8, Plate 3, on the line v /, pro- 
duced with V as a centre, describe an arc, s s^ w, having its radius, 

V «S equal to r 6, the radius of the given arc ; tangent to this arc, 
and parallel to the other given line, p p\ draw the line, v r\ inter- 
secting the line, v v*, in v* ; join v* and r, the centre of the given arc, 
producing it till it intersects the arc, » «* w, in to, join v w, and 
parallel to it through the centre, r, draw r ^, till it intersects v v> 
in the point, i, which will be the centre of the required arc, Imn^ 
which can now be drawn with a radius equal to a perpendicular let 
fall on either of the given lines from ^ ; or to the part, ily of r i, 
produced till it cuts the given arc When this construction is 
correctly executed, an arc drawn with the point, <, as a centre, and 
< r, as radius, will touch the line, < v*, tangentially ; that is, the line, 
B r>, which was made tangent to the arc, b s' it, is also tangent to 
the arc, «' <• r. 

156. Let the two circles, or arcs, ij h and 7 m n n\ be each drawn 
respectively tangents to the two given points, A; and n, in the lines, ^ A 
and p^ py then another rather nice problem would be required, viz. : 
— To draw the tangent, fg, to the two given circles, ij k and / m ft n>, 
having o k and t n respectively as their radius. Fig. 6. This problem 
is an example of Problem 9, Fig. 10, Phite 1, amplified. It is first 
required to find a common point, a?, on the line t o, which joins the 
centres of both circles ; to effect this, we draw through the centres, 
i and 0, any two diameters or radii, t n and o k, parallel to each 
other, and join their opposite extremities, n X;, it will cut the line, 
i o, in x, the common point required, which now reduces the prob- 
lem to the drawing of a tangent. Problem 9, to a circle, from a given 
point without it. Thus, bisect x o, and draw the circle, o t xV, 
cutting the given circle, ij A;, in t and t> ; join x t, and produce it 
in the direction of ^; then, proceeding in the same way, by drawing 
a circle having a? f, as its diameter, cutting the circle / m n n, in n'» 
join X fi*, and produce it in the direction of/. Then /^ is in the 
same straight line, and is the common tangent in this instance to 
the two g^ven circles. The application of this problem is frequently 
required in drawing machinery ; but in general practice, it is found 
correct enough to lay a straight-edge tangent to both circles " by 
the eye," or to a point and the one circle, as the case may be, and 
then draw the line through the point, and touching the circum- 
ference of the circles. The end section of the rail having been 
drawn in its proper position. Fig. 1, to the two given centre lines, 
hc^de, as shown. 

167. We now proceed to draw the jaw, B, and its feather, B>^ 
the height and thickness of the several parts, marked on the 
drawing in inches and parts of inches, being given ; this jaw bears 
hard on the rail for a little distance down from the top, i, at g, 
and again at the part J, near the bottom, corresponding to one of 
the tangential lines, /^; between these two points, down the side of 
{he centre web of the rail, there is a narrow space formed by a 
parallel line, which forms the inner side of the jaw, and from which 
an arc corresponding iokj i, Figs. 4 and 7, is drawn tangent to it, 
and to the line, gf^ at J, At this part, and tangent to this line and to 
the arc, ^ e ^, Figs. 1 and 7, there is an arc drawn corresponding to 
the arc, n> it m 7, but somewhat smaller, so as to allow a small space 
at this part from j to Z; so that when the wedge, s, on the other side 
ot the rail, presses it over and downwards on the bearing parts at i J, 
and the lower surface, U c g*, there is a wedging action produced be. 
tween this surface, which fits the lower surface of the rail, and the 
part at j, which holds the rail firmly in its place. The inner surface 



of the jaw, c, is formed by a line, K l, parallel to the centre line, 
h c, of the rail, and by an arc L ^\ tangent to this line and the arc, 
7' e P, drawn from one of the centres, r, of the rail. Figs. 4 and 7. 
This recalls. Problem 40, the point of contact, l, the point of contact, 
^S or the radius, L m, being given ; at the top, k, it has a small fillet 
piece formed by an arc. Problem 38, tangent to the top of the wedge, 
E, and the line, K L, a point of contact or radius being given. This 
fillet-piece projects inwards for the purpose of holding down the 
wooden key or wedge firmly in position. Th* inner contour of the 
recess between the two jaws for holding the rail is now completed, 
and the method of drawing it will be understood from the outline 
shown detached at Fig. 7, all the centres of the arcs being shown 
with their several cords and radii in dotted lines, cittting the arcs 
and straight lines at the points where they respectively join each 
other tangentially. The outline, i n o p q r, of the outside of the 
jaw, B, and its feather, B', as well as that of c and c\ have their 
several cords and radii ''dotted in" in a mmilar manner, and are all 
further examples of the problems given in Chapter III., and those 
just illustrated at Figs. 4, 5, 6, and 7, according as the several 
points in the curve lines are given, or their radii The points, i, k, 

0, P, Q, and B, being found, by squaring up the horizontal measure- 
ments given along the base till they intersect the corresponding 
perpendicular measurements, and by joining these points as cords, 
and bisecting them by perpendiculara, the centres of the respective 
arcs will be found. Thus the perpendicular, b s^, bisecting the cord, 
Q R, Figs. 1 and 8 cuts the perpendicular, r s, in 8, the centre of the 
required arc. The arcs, i N, o P, and most of the othera in the outer 
contour of the jaws and their strengthening feathere, are found in the 
same way ; but in the centre of both, there is the arc, p q, sweeping 
into two other arcs, o p and q r, the centre of which may be found Jt>y 
Problem 44, Fig. 18, Plate 3, or by bisecting the cord, p q, by the per- 
pendicular, XT u^, which will cut either of the lines, t p, ot s q, pro- 
duced in u, which will be the centre of the required arc ; or if both 
the points of contact, p and q, are given, then t p and s q will cut 
each other in u, the centre of the required arc. 

158. The hollow part under the chair at F, is another example of 
the same problem, showing the three arcs forming the curve swcej)- 
ing into each other in the same direction, and having all their 
centres on the same side of the line, as shown in dotted lines at the 
lower part of the jaw, c, to the left of Fig. 1. The height and 
radius of the top or centre arc, f, being given, and two points, v 
and w, taken in it through which the other two arcs, f^, f", are 
required to glide tangentially into it, jom these points, v and w, 
with 0, the centre of the given arc, f, and produce them indefinitely 
through 0. Then if the radii of the other two arcs are given, it 
is only necessary to make these lines respectively equal to the two 
given radii, thus make v 1, equal to the radius of the arc, f*, required ; 

1, will be its centre, and in the same way a point, 2, can be found 
in the line, w o, produced, whidi will be the centre of the arc, f*. 
If, however, it is other two points^ x and T, in the base line, o R, that 
are given, through which the two arcs, F^ f* are required to pass, 
then join, v x, and w T, and bisect them by perpendiculars which 
will respectively intersect, v o^ and w o, produced in the points, 1 
and 2, the centres of the required arcs, f^ f«, respectively. Another 
view of this hollow part at right anglea to Pig. 1, is shown in dotted 
lines in Fig. 2, and is drawn in the same way as the other, but 
having the two side arcs symmetrical, as regards the centre arc and 
centreline, 1,2, Fig. 2. 

159. In proceeding to draw the plan. Fig. 3, we may observe, that 
a third view can nearly all be iM-c^ected from the two former when 
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they are, as in this case, at right angles to each other. So that 
having drawn the centre line, 1, 2, in the proper position required 
in the plan, and parallel to the hase line, a h, Fig. 1, and corres* 
ponding to the centre line, 1, 2. In Fig. 2, the widths of the 
several parts are here " squared down" from Fig. 1, and the several 
lengths of these parts, respectively, taken from the centre line, 
Fig. 2, and transferred to their corresponding parts from the centre 
line, Fig. 3, will give the general outline of the plan. All the 
operations being rendered evident from the important points of the 
several i>art8 being marked by the same letters of reference in all 
the figures, and several of the corresponding measurements also, 
marked off from the centre lines. Although all the lines and points 
in the plan of the chair. Fig. 3, are found in the way described, we 
have given a separate projection of the irregular curved line, or 
edge, I* s* 0* p* q* b>, on the horizontal plane, formed by the intersec- 
tion of the two irregular surfaces, i n o p q b, at right angles to each 
other, in the end and side views, Figs. 1 and 2. For this purpose 
we have reproduced this portion in Figs. 8, 9, and 10, the two first 
being vertical sections, or outlines, of these surfaces, at right angles 
to each other, and corresponding respectively to Figs. 1 and 2 ; and 
the last, or Fig. 10, is the horizontal projection of the curve line 
formed by these two surfaces, and corresponds to the plan, Fig. 3* 
To project Fig. 10, from Figs. 8 and 9, we first draw any line, 1, 2^ 
Fig. 10, parallel to the base line, g h, Figs. 8 and 9 ; this line is 
generally taken as the centre line of the object being drawn, and, 
consequently, will correspond to the same centre line in the other 
figures, and thus be the best line to measure distances from, being, 
moreover, symmetrical to many parts of the object We next 
square over the several points, i, n, o, p, &c., in Fig. 8, to the 
corresponding points, i, N, o, p, &c., in Fig. 9, from these points let 
fall perpendiculars to the line, 1, 2, and carry them roimd parallel to 
it by coQoentric quarter circles, drawn from a point, o, in this line, 
they will cut, or intersect perpendiculars let fall from the correspond- 
ing points, I, V, o, p, &c, in Fig. 8, respectively, in the points i^ v\ 
o\ p*, &C., Fig. 10. A mixed line drawn through these points is 
the horizontal projection of the irregular curved edge formed by 
the intersection of the two surfaces represented by the letters 
I, K, o, p, Q, B, in Figs. 1 and 2, and required to complete the plan 
of the chair, Fig. 3. The position of the first point, i^ in the line 
I o, produced in Figs. 8 and 10, is arbitrary, as regards its distance 



from the line, 1, 2 ; but as here shown the line 1, 2, was drawn at 
half of the distance of the centre line ftom the point, iS in Figs. 2 and 
3, so that as this distance in these figures is 1-^ inches, the radius, 
I o, of the quarter circle, which gave the first point, was -f^ of an 
inch on the scale to which these figures are drawn. The other 
circles being all drawn concentric, and from the same centre, o, as 
the first, necessarily give all the other points n,^ o^, p', &c., in their 
proper relative position to the point, i^ it being determined. 

It will be observed that the larger portions, p, Q, and q, b, of the 
curved surface, Fig. 8, are divided arbitrarily into several parts, the 
points thus taken at random being squared over, and determined 
in the same way as the main points already described ; but to 
prevent confusion, these are only indicated by short dotted lines at 
points from whence they are taken, and to which they are carried. 
The more numerous the^ points which are taken, the more correct 
will be the projection of the curve line. There are two curves 
similar to the one just discussed, required to form the plan of the 
jaw, B, and two others formed by the edges of the jaw, c, which, 
though somewhat different, are determined in a sunilar way to the 
preceding. 

We may here remark, that we have given explanatory diagrams 
of most of the sweeps or combinations of curves, both that the 
student may be well exercised in many of the problems already 
discussed, and also with a view of collecting, in one plate, several 
of the difficulties which more frequently meet the draughtsman in 
the course of his practice. In such objects as that chosen for 
exemplification, very little of the nicety here carried out is observed, 
and the curves are generally obtained by measurements with 
callipers from the object itself, or are formed of arcs, or curves, 
determined by a few points and drawn by the eye, or a pair of 
compasses, through these points. 

The rails are not adjusted in their chairs yertically, but are 
inclined slightly towards each other, in such a manner that their 
centre lines, c 5, form a slight angle with the vertical, c 6* : this 
inclination is given to counteract any tendency that the carriages 
may have to run off the rails, as is the case more particularly in 
curves, from the effort made by the wheels to run in a straight 
line. The expedient of laying the outer or convex rail at a level 
slightly higher than the other, is also resorted to in quick curves, 
for the like purpose of keeping the trains on the line. 



CHAPTER VI. 



THE INTERSECTION AND DEVELOPMENT OF SURFACES, WITH APPLICATIONS. 



160. Nowhere is descriptive geometry more useful, in its appli- 
cation to the industrial arts, than in the determination of the lines. 
of intersection, or junction of the various solids, whether the in- 
tersection be that of two similar solids with each other, as a 
cylinder with a cylinder ; or of dissimilar ones, as a cylinder with a 
sphere or a cone. With the aid of this branch of geometry, we 
c^D determine, iu the most exact manner, the proportions of all the 
carves, both of double and of single curvature, which may be pro- 
duced by the intersections of surfaces of revolution, the constructive 
or generative data of which are known. 

The applications of forms in which such curves occur are exceed- 
ingly numerous ; they abound in the works of the brazier, the tin- 
snuth, the joiner, the carpenter, the builder, and the architect, as 



well as in all descriptions of machinery. This treatise would, 
indeed, be incomplete, were we not to render the delineation of 
these curves quite familiar to the student. Intimately connected 
also with this branch of the subject, is the development of curved 
surfaces; that is, the determination of the dimensions of such 
surfaces when extended in a plane, so that the workman may be 
able to cut out such pieces with the certainty of their taking the 
form, and fitting the place assigned for them. 

The study of projections, moreover, comprises the methods of 
delineation of such curves as helices, spirals, and serpentines, 
which frequently occur in mechanical and architectural constmo- 
tion. 



72 



THB PRACTICAL DRAUGHTSMAN'S 



THB INTERSECTIONS AND DEVELOPMENT OF 
CYLINDERS AND CONES. 

PLATE 14. 
PIPES AND BOILEBS. 

161. The intersections of cylindrical or conical surfaces may 
be curves of either single or double curvature. A curve is said 
to possess a dovhle curvcUwe, wheu it is not wholly situate in one 
plane. The problem to be considered in representing the lines of 
intersection consists in the determination in succession of the 
projections of several points in the curve, and the completion, by 
tracing the projections of the entire curves through the points 
thus found. The principle generally to be followed in these cases 
is, to imagine two cylinders, for instance, to be cut by one and the 
same plane — ^their intersection in that plane being a point in the 
line sought. Thus, to obtain a point in the line of intersection of 
two right cylinders, A and B, represented in Figs. 1 and 2, draw any 
plane, e d, parallel to the axes of both cylinders, Fig. 2. This 
plane cuts the vertical cylinder, A, as projected horizontally in the 
points, «,/, and as projected vertically through the lines, e^ e\ and 
/^ /*, The horizontal cylinder, B, is cut in c d, in the horiaontal 
projection, and in c' <ii, in the vertical projection, which latter is 
obtained as follows : — ^The semi-base, g t, of the cylinder, B, is 
drawn in plan as in Fig. 3 ; then prolonging d c, imtil it cuts this 
plan in o\ it will give the distance, e^ A, of the cutting plane from 
the axis of the cylinder *, this distance is then transferred to t e^, 
Fig. 1, and through ci the line, e' d^, is drawn as required. The 
points, «*, /', of intersection of this line, c> d», with the lines, 
«» «»,/»/», are points in the intersecting line respectively on each 
side of the vertical cylinder, A. 

By repeating this operation with another plane, as m n, parallel 
to the first, other two points will obviously be found, as /' and o\ 
The extreme points, a* k\ are naturally determined by the intersec- 
tion of the outlines of the cylinders. As for the point, b\ it is 
found by means of the imaginary plane, g jp, tangential to the ver- 
tical cylinder, A, and also to the horizontal one, B, when, as in this 
case, the two are of equal diameter. 

As many points having been found as constitute a sufficient 
guide, according to the scale or size of the drawing, and the pro- 
portion between the intersecting solids, there remains but to unite 
them into one continuous line and thereby the delineation of the 
curve of intersection is completed. It will be observed that, in Fig. 
1, the vertical projection of this curve is a straight line, as a^ 6\ or 
6* k\ these two being at right angles to each other ; this results 
from the fact, that the cylinders, A and B, chosen for this illustra- 
tion are of equal diameter, and have their axes situate in the same 
plane, and at right angles to each other, in such a manner that the 
curves of intersection, which are elliptioal, lie in a plane at right 
angles to the plane of the vertical projection. It follows, then, 
that this peculiarity being known, all that is necessary in similar 
cases — ^thai is, when two equal right cylinders, having their axes 
in the same pLine, cut each other — ^is simply to draw lines from the 
extreme points, a^ and 1^, to the summit, b\ the projection of the 
point of intersection of their axes — ^the operations above described 
being, in such cases, altogether dispensed with. 

162. When the cylinders are of unequal diameters, the curve of 
intersection becomes one of double curvature, notwithstanding that 
the axes of the cylinders may lie in the same plane. Thus, Figs. 
4 and 5, which represent two intersecting cylinders, A and b, of 



different diameters, show that the curve of intersection, a^ 6» k\ 
drawn according to the method before given, is one of double cur- 
vature, becoming the more flattened at b\ as the difference between 
the diameters of the cylinders is greater. To render it qiiite plain 
that the operation is the same, we have indicated the various points 
obtained by the same letters which mark the corresponding points 
in Figs. 1 and 2. We must further remark, that in Figs. 4 and 5, 
the curve is determined with the assistance of two elevations, taken 
at right angles to each other; whilst, in Figs. 1 and 2, an elevation 
and a plan were employed, similarly, at right angles to each other. 
We show the application of this curve in Figs. 6 and 7, which 
represent a steam-engine boiler, c, seen partly in elevation and 
partly in section. The tubular piece, D, which is a species of man- 
hole, is supposed to be cylindrical, and is attached to the body of 
the boiler by means of a flange, which gives rise to the external 
intersectional curves, ah^cd, and the internal one, e/. 

THE INTERSECTION OF A CONE WITH A SPHEBE. 

163. Whenever a cone is cut by a plane parallel to its base, the 
section presents an outline similar to that of the base ; consequently 
when the cone under consideration is a right cone with a circular 
base, all such parallel sections are circles. Thus in Figs. 8 and 9, 
representing a right cone, a' b^ s*, the plane, a* 6*, parallel to its 
base, A* B*, outs the cone so as to present a circle, of which the 
diameter is exactly contained within the extreme generating lines, 
Ai s', B^ 8^ If, then, with the centre, s, and radius, a s = a> &'-f-2, 
we describe a circle, it will be the outline of that part of the cone 
intercepted by the cutting plane. 

The section of a sphere, c, by any plane whatever, is also a 
circle. When this intersecting plane, a} 6*, for instance, is perpen- 
dicular to the plane of projection, it is necessarily projected as a 
straight line, as in Fig. 8, and as a circle, as in Fig. 9, in the plane 
of projection to which it is parallel It follows, from these pro- 
perties, that we have a very simple method for determining the 
curve of intersection of a cone with a sphere, whatever may be the 
relative position of their axes. This method consists in supposing 
a series of parallel planes to cut both the cone and the sphere, so as 
to produce circular sections of both — ^the intersections of the outlines 
of which will consequently be points in the curve sought, as indi- 
cated in Fig. 9. 

The intersection, a} 5), is a circle, the diameter of which is limited 
by the extreme generating lines, 8» a*, s* b», of the cone, where they 
encounter the great circle of the sphere, c. The same method holds 
good when the cone is cut by any plane, a^ g\ inclined to the base, 
the outline of the section being in this case always an ellipse, which is 
projected in the plan, Fig. 9, by the line, ain g ni, the resultant 
of the various intersections in the planes adopted in the construction 
and obtainment of the curve, which, in the horizontal projection, 
when the axis of the cone is vertical to the plane of projection, is 
also always an ellipse, having its minor, or conjugate axis, not in 
the line, 1 1, through the centre of the cone, but in the line, n n, 
Fig. 9, in the centre between the two points, a, ^ ; in this instance, 
however, the ellipse is almost a circle. 

The same occurs with the intersection of a cone, a» b» b', with a 
cylinder, a* h^ df; and when their axes lie in the same straight 
line, the intersection, a^ 6^ is also a circle, the diameter of which is 
equal to that of the cylinder. 

164. If their axes are parallel, though not in the same straight 
line, tif e mterseotion of those two surfaces becomes a curve of dpuble 
curvature, which may be determined either according to the mode 
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adopted in reference to Figs. 1 to 5, or by supposing a series of 
planes to cut the cone parallel to its base, and consequently at right 
angles to the generating lines of the cylinder; by this means 
circular sections will be produced, those of the cylinder being always 
the same, but those of the cone varying according to the distance 
of the planes from its apex. The points of intersection of the 
rarious circles representing, respectively, sections of the cone and 
cylinder, will be points in the curve of intersection sought 

DEVELOPMENTS. 

165. By this term is meant the unrolling, extending, or flattening 
out upon a plane, of any curved surface, in order to ascertain its 
exact superficial measurement 

The more generally used surfaces or forms which are capable of 
development in this manner, are — ^the cylinder, the cone, prisms, 
pyramids, and ihajrusta, or fragments of these solids. 

Tin and copper-smiths and boiler-makers, who operate upon 
metals which come into their hands in the form of thin sheets, have 
continually to transform these sheets into objects which are analo- 
gous in form to these solids. 

To do their work with skill and exactitude, and not by mere 
guess, and also to avoid the cutting of the material to waste, they 
should make plans of the whole or part of the object as finished, so 
that they may calculate the exact development of the surface, both 
as to form and size, and cut it at once from the sheet of metal with 
all possible precision. 

THE DEVELOPMENT OP THE CYLINDEB. 

166. Taking Fig. 1, which we have on a former occasion con- 
sidered as a couple of solid cylinders, to represent in the present 
case, two pipes or hollow cylinders formed of thin sheet metal, let 
us endeavour to ascertain what should be the shape and size of the 
pieces of fiat metal, of which these two cylinders should be formed. 
It is to be observed, in the first place, that the rectification or 
development into a straight line of a circle, is equal to its diameter 
multiplied by 3'1416, &c. ; whence the development of the base, p q, 
of the right vertical cylinder, a. Fig. 1, of which the diameter 
measuiea 12 inches, is obviously equal to 12 X 3*1416 = 37*699 
inches. 

This length, then, 3', If", is set off on the line, mm. Fig. 10, and 
the circumference having been divided into a number of equal parts, 
as was done to obtain the curve of intersection of the two cylinders 
in Fig. 2 ; the line, m m, is divided into the like number of equal 
divisions. Through each of these points of division, perpendiculars 
are erected upon the line, M M, representing so many generatrix lines 
corresponding to those of the cylinder, a. Fig. 1 ; and for the sake 
of greater intelligibility, we have marked the corresponding lines 
by the same letters. Next, on each of these are set off distances, 
M *», c» «*, /» ^, P a», 6* b\ Q k\ o» o^.fP, and M 6», equal to the respec- 
tive distances in Fig. 1. By these means are obtained the points, 
fc*, ^'f ^» ^i ^f in Fig. 10, through which the curve passes which 
forms the contour of intersection corresponding to that portion of 
the semi-cylinder, h^ a 6^, Fig. 2, which is intersected by the hori- 
zontal cylinder, b ; and as the other half of the cylinder is precisely 
the same, the curve has simply to be repeated, as shown in Fig. 10. 

It is unnecessary to detail the method of finding the development 
of the horizontal cylinder, b, as it is identical in principle with that 
jost explained. 

It may be gathered from the above example, that the principle 
gt^Acrally to be followed in obtaining the development of cylindrical 
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surfaces, is, first, to unfold it in a direction at right angles to one 
of its generating lines, or in the direction the generatrix takes in 
the construction of the solid, and then to set off from the straight 
line thus produced, at equal distances apart, any number of dis- 
tances previously obtained from the projections of the outline or 
line of intersection when the cylinder is joined to another, or of its 
section when cut by any plane. The curve of this outline is finally 
obtained by tracing a line through the extremities of the generating 
lines drawn perpendicular to the base. 

THE DEVELOPMENT OF THE CONE. 

167. As in the case of the cylinder, so likewise, in order to find 
the development of the cone, do we unfold it, as it were, in the 
du^ction of motion of its generatrix. Now, as all the generating 
lines of a right cone are equal, and converge to one point — ^the apex, 
it follows that, when the conical surface is developed upon a plane, 
these generating lines will form a radii of a portion of a circle ; 
consequently, if with one of the generating lines, as a radius, we 
describe a circle, and cut off as much of the circumference as shall 
be equal to that of the base of the developed cone, we shall obtain 
a sector of a circle equal in area to the lateral surface of the cone, 
as developed upon a plane. 

Fig. 11 represents the development of the frustrum, or truncated 
cone, a^ &*, a^ b^, as projected in Fig. 8, and of which the apex 
would be s*, were the cone entire. The operation is as follows : — 

We shall suppose the cone to be developed in the direction taken 
by the freneratrix, s^ a\ Fig 8 ; therefore with a radius equal to 
s^ A* and with the centre, 8\ describe v the fragment Of a curcle, 
A» B* A», Fig. 11. 

Having divided the circular base, a b. Fig. 9, of the cone into 
some arbitrary number of equal parts, say 16, and having drawn 
the respective generating lines, 1 s, 2 8, 3 a, &c., set off on the arc, 
A^ B^ a'. Fig. 11, an equal number of arcs, each equal to the respec- 
tive arcs obtained by the subdivision of the circle, a b. Fig. 9. 
From the points thus obtained, 1* 2» 3», &c., Fig. 11, draw the radii, 
1' 8\ 2^ sS 3^ 8*, &c., representing generating lines corresponding 
to those projected in Fig. 9. 

By this operation we obtain the development of the entire cone, 
and find that it produces the figure 8* a' b* a', Fig. 11, the circular 
perimeter of which is equal to that of the base of the cone itself. 
The cone, however, under consideration, is divided by a plane, a« b\ 
Fig. 8, parallel to its base, which reduces it to a frustum of a cone ; 
the development of the conical surface of which is equal to the space 
contained between the arc, a^ b' a^ corresponding to the base of 
the cone, as just determined, and the arc, a c b, of lesser radius, 
drawn with the same centre, 8*, and with a radius equal to the 
generatrix, 8* a*, of the portion of the cone taken away. 

The development, then, of the truncated cone, is the fragment of 
an annular space, distinguished in Fig. 11 by a flat tinted shade. 

168. In the case of a truncated cone, of which the dividing plane 
is inclined to the base, as a^ ^S Fig. 8, instead of being parallel 
therewith, or if the cone is joined to a cylindrical or spherical body, 
and the line of intersection is curved in any way, the development 
of this edge of the conical surface will no longer take the form of 
the arc, acb, Fig. 11. Its true representation will be obtained by 
setting off, on the several radii. Fig. 11, lengths corresponding to 
the respective generatrices, as intercepted by the plane, or curve 
of intersection. In order to obtain the lengths of the respective 
generating lines, which can be done from the vertical projection. 
Fig. 8, each intermediate one, as 4} t^, &c., must be squared 
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across to an extreme one, as at a^ i^, and indicated by the hori- 
zontal lines; this will give the exact length of each — being 
otherwise, as projected, considerably fore-shortened. Thus, the 
division of the cone by the inclined plane, a» g\ Pig. 8, produces an 
ellipse, the development of which in Fig. 11, takes the form of the 
curve, aigi h. 

In the construction of the boiler, represented in Figs. 6 and 7, 
which is formed of several pieces of sheet metal, we shall find ex- 
tensive applications of the principles just discussed. It must be 
borne in mind that, in calculating the development, or the size and 
shape of the component pieces, an allowance must be made for the 
lap of the pieces over each other, for the purpose of joining them 
together, as indicated in the drawing. 

169. In cylindrical steam boilers, the extremities are generally 
constructed in the shape of hemispheres — this form offering the 
greatest resistance to internal or external pressure. 

As the sphere cannot be developed upon a plane, these hemi- 
spherical ends cannot be made in a single piece, unless cast or 
forged. In practice this difficulty is overcome, by forming this 
portion in from 5 to 8 gores, according to the size of the boiler, 
these being surmounted by a central cap-piece. After being cut 
out, these several pieces are hammered to give them the necessary 
sphericity. 

In Fig. 12, we give a method of approximately determining the 
development of one of such gores ; this consists in drawing with 
the centre, o», an arc, m n, corresponding to the radius of the 
hemisphere. On this arc, from m to n, set off the circular length 
of the gore ; set off, also the length, p q, corresponding to one of 
the six divisions, as seen in the end view, Fig. 7. On the arc, m n, 
Fig. 12, mark an arbitrary number of points, at equal distances 
asunder, as 1, 2, 3, 4, 5 ; draw through these horizontal lines, QUt- 
ting the vertical, m o\ thereby giving the various radii, o* 1', o' 2', 
0^ 3^, <&c., with which arcs are drawn as indicated ; the rectifica- 
tion, or development, of these arcs, contained between the radii, 
p o\ q 0*, are then obtained, and transferred to perpendiculars 
drawn through the points, 1», 2», 3*, &c., on the line, o» n», which is 
the rectification, or development, of the arc, m n, with its series of 
divisions. Thus, from the arc, p q, is obtained the line, p^ q^, and 
similarly the entire figure, />* n> jS which is an approximation to 
the surface of the gore, as supposed to be flattened out. The 
•necessary allowance for lap is superadded, as shown by the flat 
tinting in the drawing, Fig. 12. The gore cut to this outline in 
sheet metal is then hammered to a proper form ui>on a mandril, or 
anvil, with a spherical surface. 



THE DELINEATION AND DEVELOPMENT OF HELICES, 

SCREWS, AND SERPENTD^ES. 

PLATE 16. 

H£UCES. 

170. That curve is called a cylindrical helix, which is generated 
by a point travelling round a cylinder, having, at the same time, a 
motion in the direction of the length of the cylinder — this longi- 
tudinal motion bearing some regular prescribed proportion to the 
circular or angular motion. The distance between any two points 
in atiy straight line parallel to the axis of the cylinder, is called the 
pitch— in other words, the longitudinal distance traversed by the 
generating point during one revolution. 

This definition at once suggests a method of drawing the lateral 
projection of this curve, when the two projections of the cylinder 



and the pitch are known. This method consists in dividing the 
circumference of the base of the cylinder into any number of equal 
parts, and drawing parallels to the axis through the points of divi- 
sion projected on the vertical plane ; at the same time a portion of 
the axis, equal to the pitch, must be divided into the like number 
of equal parts, and as many lines must be drawn perpendicular to 
the axis. The intersections of the corresponding lines of eadi set 
will be points in the curve. 

Let A» and a. Figs. 1 and 2, be the vertical and horizontal projec- 
tions of a right cylinder, and the line, a* a' the length of the pitch 
of the helix, generated by the traverse, as already defined, of the 
point projected in a and a\ 

The circle described with the radius, a o, and representing the 
base of the cylinder, is divided into 12 equal parts, starting from 
the point, a. Through each of the pomts thus obtained, a ver- 
tical line is drawn. The pitch, a* a-, is similarly divided into 12 
equal parts, and a corresponding number of horizontal lines are 
drawn to cut the vertical ones in the points, 1', 2\ Z\ &c.; these 
points are next connected by the continuous line, a», 1», S\ 6\ 0», 
a\ which forms the vertical or lateral projection of the helix. 

Half of this curve is indicated by a sharp full line, as being on 
the front surface, a, 3, 6, of the cylinder, whilst the other half is 
in dotted lines, representing the portion of the curve which is on 
the other side, a, 9, 6, Fig. 2. 

The number of divisions of the circumference of the cylinder is 
a matter of indifference as regards the accurate delineation of the 
curve, and we may therefore select a number that calls for the 
simplest operations— an even number, for example, as 6, 8, or 12 ; 
and in the present instance, wherein the starting point, a, lies in 
the horizontal diameter, a 6, of the base, it will be observed that 
two points occur in the same vertical line, as 2, 10, Fig. 2, which 
gives the points, 2*, 10», in the vertical projection. Fig. 1. 

The operations will be similar, if the given starting point be 
diametrically opposite to a\ as 6', the pitch, b^ h\ being equal 
to a* a*. 

171. The conical helix is different from the cylindrical helix, 
simply in that it is described on the surface of a oone instead of 
on that of a cylinder, and the operation consequently differs but 
slightly from the last. In this case, the horizontal and vertical 
projections of the cone are given, and also the pitch. Fig. 3 is the 
vertical projection of a truncated cone, c, and it has been placed 
above Figs. 1 and 2, so as to square up the several divisions in its 
bases, a} 6*, and c* d\ which are represented in the plan, Fig. 2, by 
the concentric circles described with the respective radii, o a, an<l 
c. The outer circle having been divided as alrendy shown, radii 
are drawn to the centre, o, from all the points of division, 1, 2, 3, 
&c., which cut the inner circle in the points, *,/, g, &c. These 
points are then projected upon the upper base, c* ch, in Fig. 3, 
those on the outer circle being similarly projected on the lower 
baae, a} b^ ; the respective points in each base are next joined, thus 
forming a series of generatrices of the cone, as 1' «*, 2*/^, o» o^ 
&c., which would all converge in the apex, if the cone were com- 
plete. These lines are cut by horizontals drawn through a corres- 
ponding number of divisions in the length of the given pitch, a^ c\ 
and the points of intersection thus obtained lie in the curve which 
it is required to draw. The horizontal projection of the curve is 
then obtained, by letting fall from the points of intersection la&t 
obtained a scries of verticals, which cut the respective radii in the 
plan, Fig. 2. This produces a species of spiral, or volute, a, e^, />, 
g^, h\ t3, &c. By following out the same principles, helices may 
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bo represented as lying upon spheres, or any other surfaces of 
revolution. 

THE DEVELOPMENT OF THE HELIX. 

172. It will be recollected that a cylinder, and also a cone, are 
capable of being developed upon a plane surface, and that the base 
of either, when rectified, or converted into a straight line, is equal 
to the diameter multiplied by 3*1416. Let, then, a 6, Fig. 4, be a 
portion of the development of the base of the cylinder, A, Figs. 1 
and 2 ; to obtain the development of the helix drawn upon this 
cylinder, we must first divide it off into lengths, corresponding and 
equal to the arcs obtained by the division of the circle, of which 
a o is ihe radius. On each of the divisions thus obtained, 
as 1, 2, 3, &c., we then erect perpendiculars, making them equal 
respectively to the distances from the starting point, a, of the 
several divisions of the pitch. The extremities of these perpen- 
diculars, as 1', 2\ 3\ &a, will be found to lie in the same straight 
line, a 6', which consequently represents the development of a 
portion of the helix. The development of a helix of one revolution 
is a straight line, forming the hypothenuse of a right-angled tri- 
angle, the base of which is equal to the circumference of the cyfin- 
der, and the height to the pitch of the helix. 

Several helices drawn upon the same cylinder, and having the 
same pitch, or a helix which makes several revolutions about a 
cylinder, is represented by a series of parallel curves, the distance 
between which, measured on any line parallel to the axis, is always 
equal to the pitch. 

The development of the conical helix may be obtained by means 
of an operation analogous to that employed for the development of 
the cone, Fig. 11, Plate 14 ; and in this case the result will be a 
curve, instead of a straight line. 

We meet with numerous applications of the helical curve in the 
arts, for all kinds of screws, staircases, and serpentines. 

8CBEW8. 

173. Screws are employed in machinery, and in mechanical 
combinations, either for securing various pieces to each other, so as 
to produce contact pressure, or for communicating motion. Screws 
are formed with triangular, square, or rounded threads, or fillets. 

A screw is said to have a triangular thread, when it is generated 
by a triangle, the three angles of which describe helices about the 
same given axis, situate in the same place as the triangle. Figs. 
5 and 6 represent respectively the vertical and horizontal projec- 
tions of a triangular-threaded screw, such as would be generated by 
the helical movement of the triangle, a^ b^ c\ of which the apex, a\ 
ia situate on a cylinder of a radius equal to a o, and of which the 
other angles, h^, c\ are both situate on the internal cylinder, having 
the radius, b o, which is called the core of the screw, and is con- 
centric with the first. The difference a &, between the radii, a o 
and b o, indicates the depth of the thread. 

When, as in the case taken for illustration, the screw is single- 
threaded, the pitch is equal to the distance between the two points, 
6* and e* ; that is, to the base of the triangle. The screw is one of 
2, 3, 4, or 5 threads, according as the pitch is equal to 2, 3, 4, or 
5 times the base of the generating triangle. From what has already 
been discussed, the method of delineating the triangular-threaded 
screw will be easily comprehended ; for all that is necessary is to 
draw the helices, generated by the three angular points, in the 
manner shown in reference to Figs. 1 and 2. We have, notwith- 
standing, given the entire operation for one semi-revolution of the 



thread, in Figs. 5 and 6. When one of the curves, as o* 3* 6», is 
obtained, it is repeated as many times as there are revolutions of 
the thread on the length of the screw. To do this with facility, 
and without repeating the entire operation, it is customary to cut 
out a pattern of the curve in hard card-board, or, by preference, in 
veneer wood ; then setting this pattern to the points of division, 
d^ c*/*, previously set off, the curves are easily drawn parallel to 
one another. The curve, formed by the base of the triangle, 6* c*, 
or inner helical curves, may be found and repeated in the same 
manner as the curve just described, formed by the outer edge, 
or apex of the triangle, a» 3» 6>. 

It must be observed that, to complete the outline of the screw, 
these curves forming the top and bottom of the thread require to 
be joined by the short lines, 6* d*, c?^ i^; which, though shown in 
straight lines in Fig. 5, should, if it is wished to be precise, be 
shown by lines slightly curved and tangential to the curves passing 
through the points, o* and 6\ as in the detached view, Fig. 7. These 
curves are the result of a series of helices, traced by the component 
pdlnts of the lines forming the sides, o» b\ a> c^ of the generating 
triangle. In practice, this nicety is disregarded, and simple straight 
lines are employed. 

174. A screw is termed square-threaded when the cross section 
of the thread is a square or a rectangle, the parallel sides of which 
lie in right concentric cylinders, and the angles or corners of which 
describe helices about the axes of these cylinders. Figs. 8 and 9 
represent projections of a square-threaded screw — the thread being 
generated by the square, o* c^ 6* d}. The horizontal side, a} c*, de- 
termines the depth. The height, a\ d\ marks the width of the 
thread, and d^ e*, is the width of the interval, which is generally 
equal to that of the thread. 

When the screw is single-threaded, the pitch, a} e*, is equal to 
the sum of the widths of the thread and of the interval, or, in the 
case before us, to twice the side of the square. Of course, when 
the pitch is equal to 2, 3, or 4 times a» «», the screw is 2, 3, or 4- 
threaded, in all cases having as many intervals as threads. The 
operations called for in delineating the screw of a single square 
thread, are fully indicated upon the figures. The delineation of a 
screw of sevex^ threads does not possess any additional points of 
difficulty. 

INTEBKAL BCBEW8. 

175. An internal or female screw is one cut on the inner face of 
a hollowed body. Such a screw is intended to work in couj unction 
with an ordinary external screw, in such a manner that the helical 
grooves of one receive the helical elevations of the other. When 
the body having an internal screw is small, it is called a nut. In 
order to show the helical fillets or threads of the internal screw, it 
is necessary to represent it as cut by a plane passing through its 
axis ; it is in this manner that we have represented the nuts, 
m}f fO,p\ q\ in Figs. 5 and 8, the first having a triangular thread 
fitting to and embracing the screw, d, which is represented as just 
introduced into it ; the other has a square thread similarly adapted 
to the screw, e. 

It follows, from these nuts being represented in section, that we 
only see the half of each corresponding to the posterior portion of 
their respective screws, d and e ; and, in consequence of this, the 
helical curves are inclined in the opposite direction to those repre- 
senting the anterior portions of the screws. 

Those screws are distinguished as right-handed screws, of which 
the thread ascends in passing from left to right, as in the screws. 
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D, E. Left-handed screwd are those in which the thread descends in 
passing from left to right. 

SERPENTINES. 

176. Serpentine is the name given in practice to a pipe or tube 
bent to the helicoidal form ; but, in geometry, it is the term given 
to the solid generated by a sphere, the centre of which traces a 
helicoidal path. 

This form is often employed, whether hollow, as for pipes, such 
as the worm of a distilling apparatus, or solid, as for metal springs. 

The first thing to be done in delineating this solid, is to deter- 
mine the helix traced by the centre of the generating sphere, its 
pitch, and the radius of the cylinder on which it runs, being given. 
The helix having been drawn, a series of circles are described with 
the radius of the sphere, and with various points of the curves as 
centres ; curves drawn tangential to these circles, will then form 
the outline of the object. Figs. 10 and 11, represent the elevation 
and plan of a serpentine formed in this manner. The circle drawn 
with the radius, ao, is the base of the cylinder, on which lies the helix 
generated by the moving point projected vertically in a*. Next is 
given the radius, a^ 6*, of the generating sphere, and the pitch, 
o* «', of the helix. This helix is then projected in the manner in- 
dicated on the drawing, and already described, by the curve, a} V, 
2\ 6*, 9*, and o^; it may be continued indefinitely, according to the 
number of convolutions desired. With different points of this 
curve as centres, and with the radius, a* h^, are then described a 
series of circles pretty near to each other, and two curves are drawn 
tangential to these, as shown on Fig. 10. 

In going over this figure with ink, it is of importance to limit 
these curves to the portion of the outline, which is quite apparent 
or distinct ; thus, for the anterior portion, a 1, 2, 3, 6, Fig. 11, of 
the serpentine, the lower curve, c e/g, ends at the point of contact, 
c, with the circle whose centre is u', whilst the upper one, h % d, 
ends in the point, d, on the circle described with the centre, 6*. The 
posterior portions of these curves are limited by the points, g and t, 
where the bend of the serpentine goes behind, and is hid by the 
anterior portion. 

The horizontal projection of the serpentine is always comprised 
within two concentric circles, the distance asunder of which is equal 
to the diameter of the generating sphere, as in Fig. 11. 

Fig. 12 represents a sectional elevation of a tubular serpentine, 
which is supposed to be divided by a plane, 1, 2, in Fig. 11, passing 
through its axis. It is, consequently, the posterior portions that 
are visible, and they are inclined upwards from right to left ; the 
section at the same time shows the thickness of the tube or 
pipe. 

In the arts we see serpentines, both solid and hollow, in the 
form of conic or other helices ; of this kind are the springs 
employed in moderator lamps, and distillery worms are sometimes 
made in this way. 

177. Observation, — The curves representing the outline of screws 
and serpentines, the rigorously exact delineation of which we have 
just explained, are considerably modified when these objects come 
to be represented on a very small scale; thus the triangular- 
threaded screw maybe represented, as shown in Fig. 13, by a series 
of straight parallel, instead of curved, lines — these being inclined 
from side to side to the extent of half the pitch. These lines 
should be limited by two parallels to the axis on each side, marking 
the amount of relief of the thread. When the scale of the drawing 
is still smaller, and greater simplicity desirable, the draughtsman is 



content with a series of parallel lines, as in Fig. 14, limited by a 
single line on each side parallel to the axis. 

For the square-threaded screw, the helical curves may similarly 
be replaced by straight lines, as in Fig. 15. The same also applies 
to the serpentine, as shown in Fig. 16. 



APPLICATION OF THE HELIX. 

THE C0N8TBUCTI0N OF A STAIBCABE. 
PLATE 16. 

178. Staircases which afford a means of communication between 
the floors of houses, are frequently constructed in some part or 
other in the form of a helix. The cage, or space set apart for the 
staircase, may be rectangular, circular, or elliptic. 

Figs. 1 and 2 represent the elevation and plan of a staircase, the 
recess, shaft, or cage, abed, of which is rectangular ; this space being 
provided for the constniction of the main frame of the stair, with its 
steps and balustrade, and with a central space left for the admission of 
light from above. In the case of a cylindrical cage, the curve with 
which the steps rise is helical from bottom to top ; but in a stair- 
case within a rectangular cage, the steps rise for some distance in 
a straight line, and only take the helical curve at the part forming 
the junction between the rectilinear portions running up alternate 
sides of the rectangle. Stairs are sometimes made without this 
curved part, a simple platform, or " resting-place," connecting the 
two side portions. 

For the division of the steps, we take the line, efg h t, passing 
through the centre of their width, and taking exactly the direction 
it is intended to give the stairs. The first or lowest step, a, 
is generally of stone, and is larger and wider than the others. 

For the stairs, as for the helix, the pitch or height, say from the 
basement to the floor above, is divided into as many equal parts as 
it is wished to have steps. The centre line, efg h t, is also divided 
into a like number of equal parts. As a general rule, the numbf^r 
of steps should be such, that the height of each does not exceed 8 
inches. The larger the staircase is, the more may this height be 
reduced, in some instances, as low as 5 and 6 inches. The width 
of steps vary much, but they should never be less than 9 inches 
at the centre. 

If, for example, in the given height of 12' 3". we wish to make 
21 steps, we must divide this height into 21 equal parts, which in 
this instance will give 7 inches to each step; draw a series of 
horizontal lines from each division, which will represent the hori- 
zontal top surfaces of the steps. 

For those steps which lie parallel to each other, it is simply 
requisite to erect verticals upon the points of division on the 
centre line in the plan. The points of intersection of these with 
the horizontals above, as 1, 2, 3, 4, Fig. 1, indicate the edges of these 
steps. For the turning steps, however, or winders, as those steps 
are called which are not parallel to each other, a partionlar opera- 
tion is necessary, termed the balancing of the steps, the object of 
which is to make the steps as nearly equal in width as possible, 
without, at the same time, making them very narrow on the inner i 
edges, or rendering the ciu*ve too sharp or sudden. Where the 
stairs are narrow, as in the case we have illustrated, the balancing 
should commence a step or two before reaching the curved portions. 
This balancing may be obtained in the following manner : — A part 
of the rectilinear jwrtion, p /, equal to three steps, is developed, 
and then a part of the curved portion, Imn^ equal to three more 
On the vertical, t q, Fig. 3, sot off the heights of the first 
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three steps ; and through the point, q^ draw the horizontal, q 4, 
representing the development of the widths of the steps in a 
straight line. Also, on the prolongation, t q^, of the vertical, t q, set 
off the heights of other three steps. Through the point, q\ draw a 
horizontal, and make q^ 10, equal to the arc, / m fi, in the plan. Fig. 
2, as rectified. The straight line, 1 10, will then be the develop- 
ment corresponding to the curve of the framepiece. At the latter 
point, n, erect a perpendicular on this line, and at the point, 5, a 
perpendicular to the straight line, 1 4. The point of intersection, 
o, of these two perpendiculars, gives the centre of the arc, p kn, 
which is drawn tangentially to these lines. Then, through each 
X>oint of division on the vertical, q q^, draw horizontals, meeting 
this ciure in the points, j klm^ through which draw parallels to 
q 9>. Then transfer the respective distances, y 6, kt, ?8, m 9, com- 
prised between the arc and the two straight lines, t 4, and I n, on 
the line of the framepiece, pk n/\n the plan, Fig. 2, as atj A;, k I, 
i m, m n. Next, draw straight lines through the points, j k, I m, 
and through the respective points of division, 6, 7, 8, 9, and 10, on the 
centre line, which will give the proper inclination for the steps as 
balanced. The second half of the curved portion is obviously pre- 
cisely the same as the first in plan, and may easily be copied from it. 

Having thus determined the position of the steps in the hori- 
zontal projection, they must next be projected on the vertical 
plane, by means of a scries of verticals, which cut the respective 
horizontals drawn through the points of division, 1, 2, 3, 4. As in 
Fig. 1, the anterior wall, a &, of the recess or shaft being supposed to 
be cut away by the line, a 6* 10\ in the plan, to show the outer edges 
of the steps, which are determined by erecting verticals on the 
corresponding points, 6*, 7*, 8\ 9*, &c. 

The perpendicular portions, v and v\ of the steps, which are over- 
hung by the horizontal portions, and consequently invisible in the 
plan. Fig. 2, are, nevertheless, indicated there in dotted lines, 
parallel to the edges of the steps. To render them quite distinct, 
however, and at the same time to show the manner in which they 
are fitted into the framepiece, we have represented them in Fig. 5, 
without the actual steps, supposing them to be cut in succession, 
horizontally, through the centres. 

The framepiece is the principal piece in the staircase. It is 
situated in the centre of the cage, and sustains each step, and, 
consequently, must be constructed very accurately, for upon it, in 
a great measure, depends the strength and solidity of the staircase. 
For a staircase of proportions like those of the one represented in 
the pbite, the framepiece is generally made of oak, in three pieces ; 
the middle piece, c, corresponding to the curved portion, whilst 
the other two, b and d, joined to that one, form the rectilinear 
portions. A special set of diagrams is necessary, to determine 
the shape and proportions of the various parts of this framepiece. 
The method here to be followed is, in the first place, to draw the 
joints, by which the vertical portions of the steps are attached to 
the framepiece. These can easily be obtained by squaring them 
up from Figs. 5 to Fig. 4, in which last are the horizontal division 
lines, corresponding to Fig. 1. It will be observed, that the joints 
referred to are bevelled off, so as not to be apparent externally. 
The faces on the framepiece are seen on Fig. 4, at the parts, B, c, 
and the method of obtaining them is sufficiently indicated by the 
dotted lines. The framepiece has a certain regular depth through- 
out, and is cut on the upper side, to suit the form of the steps, 
and below, to the curvilinear outline, a} 6* c* d» «* /», which is 
nothing but the combination of a helix with a couple of straight 
lines. These straight lines a} h\ and e^J^ are of course parallel to 



the curve passing through the edges of the steps, 1, 3, 5, 13, 16, 
19. The curved part, 6* c\ which corresponds to the anterior 
face, h^ c^, of the framepiece, is drawn in precisely the same manner 
as a common cylindrical helix. It is the same with the part, d^ e^, 
which corrresponds to the interior portion, d* e\ If, in order to 
better indicate the space occupied by the framepiece, it is wished 
to construct an end view of it, this may be done, as in Fig. 6, from 
the data furnished by Figs. 4 and 5. 

In Figs. 7, 8, and 9, we have given, on a larger scale, the diffe- 
rent views of the curved part, c, of the framepiece, so as to show 
its construction more plainly, as well as the form of the joint 
connecting the three parts of the framepiece together. Each of 
these figures is inscribed in a rectangle, indicated by dotted lines, 
and representing the rectangular parallelepiped, in which the piece 
may be said to be contained. .To strengthen the junction of this 
piece with the portions, b and d, they are connected by iron strops 
or binding-pieces let in, or by bolts passing through, the entire 
thickness of the wood. 

Figs. 10 and 11 represent in elevation and plan, the details of the 
landing-stage, which forms the top step of one flight of the stairs, 
and is on a level with the upper floor. It is with this piece that 
the upper portion, d, of the framepiece is connected, by a joint similar 
to that uniting the other portions. Fig. 12, is a section, through 
the centre of this step-piece, through the line, 1,^ 2, in the plan ; 
whilst Fig. 13, is another section, through the line, 3, 4 ; and Fig. 
14, a third, through the line, 5, 6. The form, dimensions, and 
joint of this piece, are all fully indicated in this series of figures. 

The shaft of the staircase, or the open space left in the centre 
of the cage, is partially occupied by a balustrade, formed by a 
number of rods of iron or wood, attached at their lower extremities 
to the framepiece, as shown in Fig. 15, and united above by a flat 
bar of iron, surmounted by a hand-rail, o, of polished furniture- wood, 
of the form given in Plate 3, Fig. 7. The position of the rods as 
given in the plan, Fig. 1, is sufficient for the determination of their 
vertical projection or elevation. 



THE INTERSECTION OF SURFACES. 

APPLICATION TO STOPCOCKS. 
PLATE 17. 

179. We have already had before us several examples of inter- 
sections of surfaces, as in pipes and boilers, and we shall now pro- 
ceed to the consideration of some others. Such intersections are to 
be found in the construction of stopcocks ; for which reason we take 
one of the most common of these contrivances as an illustration. 

A stopcock is a mechanical arrangement, the function of wbidi 
is to establish, or interrupt, at pleasure the passage of gases or 
liquids through pipes. It consists of two distinct parts, one called 
the cock, and the other, adjusted and moveable in the firet, termed 
the key or plug. 

Stopcocks are generally made of brass, composition-metal, or 
cast-iron, and the cock is formed with or wiUiout flaogesy for 
attachement to vessels or piping. The key is generally conical, so 
as to fit better in its seat. The degree of taper given to the key varies 
from 1 inch in 12, to 1 in 7 on the radius, according to their sise and 
other circumstances; also in accordance with opinions of the different 
constructora. We have shown in dotted lines, Fig. 4, various 
degrees of taper, to be adopted according as greater tightness or 
greater facility of movement is required. The part of the cock 
which receives the key is, of course, turned out to a corresponding 
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conical surface. This portion of the cock is connected to the 
tabular portions by shoulders, of a slightly elliptical contour. A 
stopcock of this description is represented, in elevation and plan, 
in Figs. 1 and 2. 

In these figures will be seen the conical part, a, which embraces 
the key, the cylindrical portions, b, united to the former by the 
shoulders, d, and terminated by the flanges, o. 

The conical key, E, adjusted in the cock, is surmounted by a 
handle, f, by means of which it is turned. The key is retained 
in the cock by a nut, o, working on a screw, formed on the lower 
projecting end of the key. Fig. 3, represents an end view of this 
cock, and Fig. 4, is a vertical projection of the key alone. Fig. 6, 
is a view of the key, looking on the lower end. Fig. 6, is a 
vertical section through the line, 1, 2, in Fig. 2 ; and Fig. 7 is a 
horizontal section through the line, 3, 4, Fig. 1. 

It win be easy to see, from these various views, that, in order to 
represent the stopcock with exactitude, it is necessary to find, the pro- 
jection of the intersection of the elliptical shoulder, d, of the round 
pipe, B, with the external conical surface of the central part, a, of the 
cock. This intersection is indicated in the vertical projection, Fig. 
1, by the curved dotted line, d d d ; but in small cocks such as the 
one here shown, the sharp outline of this intersection is usually 
takem away by rounding the one surface gently into the other, as 
shown ^7 the shading in these figures. 

Awother similar intersection is formed by the junction of the 
cylimdrieal surface of the cross-handle, F, at right angles, with the 
cylimdrieal part at the top of the key, b. This curved line, for the 
same reason as in the first instance, is also indicated by dotted 
lines, V V F, in Figs. 1 and 6, the first having the handle, f, turned 
at an angle as regards the plane of projection, and in the latter case 
laying parallel to it, and consequently requiring two different cases, 
or examples of projection. We have, also to determine the inter- 
sectWn with the external surface of the key of the rectangular 
opening, e, provided for the passage of fluids ; and also the intersec- 
tion of a prism with a sphere, which occurs in the shape of the nut, o, 
which secures the key in its place. The various operations here called 
for are indicated on the figures, which we shall proceed to explain. 

Figs. 8 and 9, show the geometrical construction of the inter- 
section of the horizontal cylinder, f>, of the handle, with the 
vertical cylinder, b», of the key. Tlio curve is obviously obtained 
according to the method already described in reference to Figs. 1 
and 2, er 4 and 6, Plate 14. We have, however, repeated the 
operations, the examples affording a variation from that previously 
given, ant though round cylinders are hero given instead of the 
elUpticiA eaes shown in the key, Figs. 1, 3, and 6, yet still the con- 
struction and method would be the same in both cases, only substi- 
tuting the one form of cylinder for the other. 

180. When the horizontal cylinder, f>, Figs. 10 and 11, 
becomes iadined to the vertical plane, its ciu've of intersection 
with the vertical cylinder, k^ assumes a different appearance as 
projected m this plane. Its construction, however, is precisely the 
same, as folows : — ^To obtain any point in the curve, we proceed 
just as in tho preceding example, drawing the vertical plane, d^ e\ 
parallel to the axes of the cylinders, this plane cutting the vertical 
cylinder thrsagh the lines, df and e g. This same plane cuts the 
horizontal cf lindor, as projected in plan, at d^ e*, whence the 
vertical projection is obtained, after drawing the semi-cylindrical 
end view, as nn Fig. 9. The distance, i i^ being set off on h h^, 
the horieoutal line, d s, drawn through the point, h^, represents 
the intersedaon of the plane with the horizontal cylinder, h h\ 



l>cing, of course, measured from its axis. It will be seen that the 
line, de,iB cut by the vertical lines, dfsxid e g^ in the points, d, e, 
which lie in the ciurve sought ; and the same construction will apply 
to every other point in the curve, db e c. 

181. Figs. 12 and 13 represent the intersection of an elliptical 
cylinder with a right cone of circular base, corresponding, say, to 
the external conical surface, A^ of the cock, at its junction with the 
elliptical shoulders as at dk Fig. 13 is the plan, as looking on 
the cock from below, showing the horizontal projection of the iu. 
tersecting curves. 

The solution of the problem requiring the determination of these 
curves consists in applying a method already given — ^namely, in 
taking any horizontal plane which cuts the cone, so as to present a 
circular section on the one hand, and the cylinder in two straight 
lines on the other — the points of intersection of these straight lines 
with the circle representing the section of the cone. Thus, by 
drawing the plane, c d. Fig. 12, we obtain a circle of the diameter, 
edf which is projected horizontally, as with the centre, o*, Fig. 13 ; 
we have also two generatrices of the cylinder, both projected in the 
vertical plane in the line, a b, and in the horizontal plane in the 
two lines, a^, bK Having drawn the semi-base of the cylinder, J e, as 
at d^/e\ to the left of Fig. 12, and having taken the distance, /<7, 
and set it off, in Fig. 13, on each side of the axis, as from g^ to a\ 
we thereby obtain the two generatrices, a* 6*, a^ ft*, which cut the 
circle of the diameter, c* d\ in the four points, h^, t*, which are squared 
across to, and projected in, the vertical plane in the points, A, i. In 
the same manner we obtain any other points, as m, n ; ^' / being the 
plane taken for this purpose. The extreme points of the curves 
are obtained in a very simple and obvious manner, />, g, and «, r, 
being the points of intersection of the extreme generatrices, or the 
outlines of the cone and the extremes of the longer axis of the 
ellipse. With regard to the points, t, «, which form the apices of 
the two curves, their position may be obtained from the diagram, 
to the left of Fig. 12, by drawing from the point, s, which would 
be the apex of the entire cone, a tangent, 8 ^, to the base, d^ft^^ 
of the cylinder, and projecting the point of contact, f, in the line, 
X y, representing a plane cutting the cone, which must be projected 
in the horizontal plane. Then, making g^ x\ Fig. 13, equal to 1 1% 
Fig. 12, and drawing horizontals through x\ their intersections, 
<* M*, with the circular section of the cone, will be the pcwnts sought, 
which are accordingly squared over to Fig. 12. The operations 
just described are similar, it will be observed, to those employed 
in obtaining the intersection of two cylinders. 

If, in the case of the cone and cylinder, the latter had been one 
of circular instead of elliptical base, as is frequently the case, still 
the construction, as a little consideration will show, must be pre- 
cisely the same, and the resulting curves would be analogous — 
that is, when tho diameter of the cylinder is less than that of the 
cone at the part where it meets the lowest generatrix of the cylin> 
der ; the curves, however, assume a different appearance when the 
diameter of the cylinder exceeds this, as is shown in Figs. 14 and 
15. In this case the intersections are represented by the curves, 
8tr and p u q; the method of obtaining these is fully indicated on 
the diagrams. 

182. The opening or slot, H, cut through the key of the stop- 
cock, is generally rectangular, rather than circular, or similar to the 
tubular portions of the cock. The object of adopting this shape is 
to make the key as small as possible, and yet afford the required 
extent of passage. This rectangular opening gives rise, in Fig. 0^ 
to the intersectional curves, a b, c d, which are portions ^ the 
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hyperholaj resulting from the section made by a plane, cutting the 
cone parallel to its axis. The operations whereby they are deter- 
mined are indicated in Figs. 16, 17, and 18. 

To render the character of the curve more apparent, we have, in 
these figures, supposed the generatrices of the cone to make a much 
greater angle with the axis than in any of the former figures. The 
line, a h, represents the vertical plane in which the curve of inter- 
section lies. It is evident that, if we delineate a series of horizontal 
planes, as c d, c/, g A, * A:, Fig. 16, we shall obtain a corresponding 
series of circles in the horizontal projection, these circles cutting the 
plane, a 6, in the points, />, m», n*,|?», &c. These points are squared 
over to the vertical projection. Fig. 16, giving the points, ?,/n, n,jp; 
and the apex, o, of the curve is obtained, by drawing in the plan, 
Fig. 18, with the centre, s, a circle tangent to the plane, a 5, and 
then projecting this on the vertical plane. Fig. 16, as shown. From 
tbese diagrams, it is easy to see that the opening, H, will be partly 
visible when the key is seen from below, as in Fig. 25. 

183. Figs. 19 and 20 represent the vertical and horizontal pro- 
jections of the nut, o, which secures and adjusts the key in its 
socket, to a larger scale than in Figs. 1 and 3. This nut, o*, in 
these figures, is hexagonal, being terminated by a portion of a 
sphere, the centre of which lies in the axis of the prism. Each of 
the facets of the prism cuts the surface of the sphere, so as to pre- 
sent at their intersection portions of equal circles, which should be 
determined in lateral projection. The diameter of the sphere is 
generally three or four times that of the circle circumscribing the 
nut, but, to render the curves more distinct, we have adopted a 
smaller proportion in the case imder examination. The sphere, y, 
is represented by two circles of the radius, o a ; and the nut by an 
hexagonal prism, the axis of which passes through the centre of 
the sphere. The anterior facet, a» h\ of this nut, cuts the sphere, 
so as to show a circle of the diameter, c» (T. This circle, projected 
vertically on Fig. 19, cuts the straight lines, a t and 6/, of the 
prism, in the points, a and h ; and the portion of the circle com- 
prised between these two points, consequently, represents the 
intersection of this facet with the sphere. The other two facets, 



a> g^ and }^ AS which are inclined to the vertical plane, also cut the 
sphere, so as to produce, at their intersection with the surface, arcs 
of equal radii with that of the facet, a b. From their inclination, 
these arcs become slightly elliptical, being oomprised, cm the one 
hand, between the points, a and g, and &, A, on the other. The 
summits of these ellipses are obtained by drawing horizontal lines 
tangential to the arc, a ft, and cutting it in the points, k, I, by per. 
pendiculars drawn through the middle of the lateral facets. In 
practice, it is quite sufficient to describe circular arcs, pasmng 
through the points, ^, k, a, and &, I, A. 

We have aheady seen, in reference to Plate 14, that the inter- 
section of a right cylinder with a sphere, through the centre of 
which its axis passes, gives a circle projected laterally as a stmight 
line. Thus, the opening, o\ which passes through the nut, being 
cylindrical, produces, by its intersection with the sphere, a cirde of 
the diameter, m* n\ in the plan, projected vertically in the straight 
line, m n. 

Fig. 21 indicates the analogous operatioos required to determine 
the same intersections when the nut, o, is seen with one of the angles 
in the centre, and only two facets visible, as represented in Fig. 3. 

The elliptic curve, b* 2* A', corresponding to the one, blh, mtist 
obviously be comprised between the same two horizontal lines pass- 
ing through these points, and an arc is drawn through them as before. 

We may here observe, that the proficient draughtsman will, 
doubtless, deem it unnecessary, except in extraordinary cases, to 
enter into such minute details of construction for the various inter- 
sectional curves as those we have discussed, being guided simply 
by his own judgment, and the appearance presented by different 
experimental proportions. Younger draughtsmen, however, will 
find that some practice in obtaining the exact representation of the 
various curves, according to the modes here given and rules laid 
down, will be of great advantage to them— enabling them, from 
possessing a thorough theoretical knowledge of the relations of the 
various forms of solids to each other, to approach much nearer 
truth, when, in process of time, they relinquish the aid of such 
constructive guides. 



CHAPTER Vn. 

THE STUDY AND OONSTRUOTION OF TOOTHED GEAR. 



184. Toothed gear is a mechanical expedient, universally em- 
ployed for the transmission of motion. It is met with of all pro- 
portions, from the minute movements of the watch, to the gigantic 
fittings of manufacturing workshops. Toothed gear is generally 
constructed with a view to the following principle of action — ^that 
the lateral acting-surfaces develop the same arc during the same 
duration of contact, whilst their angular velocities vary inversely 
as their diameters. By the angular velocity of any body, turning 
about a centre, is meant the angle passed through by the body in 
a unit of time ; whilst the real or linear velocity of any point is the 
space passed through by this point, whether the direction of motion 
be rectilinear or circular. Thus, various pomts on a crank, taken at 
different distances from the centre of the shaft, have all the same 
angular velocity, whilst their actual velocity differs considerably, 
because of their respective distances from the centre. It is the 
same with a pendulum, which vibrates through an angle, or has an 
angular motion about its centre of suspension. The angular velo- 
city of a body is greater, as the angle passed through in the same 



time is greater. Two points may have the some angular velocity, 
although the space passed through by each may be very different. 
Thus, all the points in the pendulum are affected with an equal 
angular motion, whilst their actual velocities, or the coune tra- 
versed by each, varies as the distance from the centre of motion. 

This description of gear consists of a series of projections, or 
teeth, regularly arranged on straight, cylindrical, or conical sur- 
faces, termed to«6«, and disposed so as to act on each other during 
a limited time. 

In order, however, that the gearing action may take place in a 
regular and even manner, it is indispensably necessary that the sur- 
faces of the teeth should bear upon each other tangentially, 
throughout the entire duration of their contact ; and for this pur- 
pose, far from being arbitrarily designed, their form should be 
determined with the utmost geometrical exactitude, for on their 
figure entirely depends their accurate and easy working. It is, 
therefore, obviously incumbent on the student to give particular 
attention to the delineation of these teeth. 
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Designs and calculations as to the teeth of wheels have reference 
to what is called the pitch surface^ as wiU he seen more clearly 
hereafter. This is an ideal smooth surface, half-way hetween the 
bottoms of the grooves and the summits of the teeth. The figures 
of the teeth are r^^lated by the principle, that the teeth of a pair 
of wheels shall give the same velocity, by their sliding contact, which 
the ideal smooth pitch surfaces would give by their rolling contact. 

The curves generally adopted in practice for the outline of teeth, 
are the involute, cycloid, and epicycloid. 

It will be useful to investigate the nature and construction of 
these curves, both on account of their application to the teeth of 
wheels, and also because of their employment in several other 
mechanical contrivances.^ 



INVOLUTE, CYCLOID, AND EPICYCLOID. 
PLATES 18 AND 19. 

INVOLUTE. 
Figure 1.— Platb 18. 

185. When a thread is unwound from the circumference of a 
circle, and is kept uniformly extended, its extremity will describe 
the curve known as the involute. 

To make this clearer, we may wind a thread a few times round 
the edge of a fixed circular disc, and attach a pencil to its free ex- 
tremity. Now, if we cause the pencil to make a line on a sheet of 
paper as we unwind the thread, which must be kept on the stretch, 
it will describe the curve in question. 

This definition serves as a basis for obtaining the geometrical 
delineation of the involute. Let a b c be the given circle of the 
radius, a o, and a the extremity of the thread wound upon it- 
Starting from the point, a, mark off, at equal distances apart, 
several points, as a, 5, c, d, so near to each other, that the intervening 
arcs may be taken for straight lines without sensible error. Through 
each of these points draw tangents to the circle, or perpendiculars 
to the corresponding radii ; and on these tangents set off distances, 
equal to the rectifications of the respective arcs, a a, A 6, a c, &c.; 
by which means are obtained the points, a^, b\ c^, &c., and the 
curve passing through these points is a portion of the involute. By 
continuing the development or unwinding of the thread, the curve 
may be extended to a series of convolutions, increasing more and 
more in radius, and becoming a species of spiral. After one com- 
plete evolution of the circumference, the shortest distance between 
two consecutive convolutions is always the same, and equal to the 
development or rectification of the circumference of the generating 
circle, which forms the nucleus of the curve. 

The points, a, 6, c, being taken at equal distances apart on the 
circumference, the tangents are respectively double, triple, &c., 
that of the first, a a ; and if, as we directed, these points are 
sufficiently near to each other, the curve may be drawn, with closely 
approximate accuracy, by describing a succession of arcs, having 
these tangents for radii. Thus, with the point, a, as a centre, and 
radius, a a^, the first arc, a a*, is drawn ; and with the centre, &, 
and radius, b b\ the second arc, a^ b\ in like maimer ; and similarly 
with the rest. 

We shall show the application of the involute to toothed gear, 
worm wheels, and also for cams and eccetUrica, 

• The mathematical and mechanical student cannot have a lietter text-hook in his 
hands for this and other branches of applied medianics, than Professor ICacquom 
Bankine's ICanual. 



CYCLOID. 
FiouBJB 2.— Plate 18. 

186. When a circular disc is rolled upon a plane surface in a 
rectilinear direction, any point in the circumference of this disc 
generates the curve called the cycloid. Thus, any point taken on 
the outside of a locomotive wheel in motion, describes as many 
repetitions of the curve as the wheel makes revolutions. 

In order that the curve may be perfect and true throughout, it is 
necessary that the motion should take place without any sliding 
upon the plane ; in other words, the length of the straight line 
forming the path of the disc should be equal to the portion of the 
circumference which, during motion, has been applied to, or in 
contact with, the plane throughout that length. 

It is required to delineate the cycloid generated by the point, a, of a 
circle of the given radius, a o, and rolling upon a given straight line, b c. 

There are several methods of solving this probleiiL 

Ist Solution, — Set off on the circumference of the flat-tinted circle, 
A D, starting from the point, a, a number of equal distances, a a\ 
a^ b\ &c., so small that the arcs so divided may be taken as straight 
lines. Set off the same distances, a a, a &, &c., a like number of times 
from A, along the straight line, a c, and at the points, a, 5, c, <2, 
erect perpendiculars, cutting the line, o o*, generated by the centre 
of the rolling circle, and parallel to the given straight line, b c. In 
this way are obtained the points of intersection, o, o^, o-, which 
are the centres of the circle when in the positions corresponding 
to the points of contact, a, b, c, d. With each of the former points 
as centres, describe portions of circles, a a*, b b\c c* on each of 
these arcs tangent to the line, b c, and from the latter pointe of 
contact successively set off the lengths of the arcs, a a^ A b\ a e\ 
&c., from a to a', 6 to &', and from c to c\ and so on through- 
out The curve, ao^ b^ c^d^ e^ passing through the points thus 
obtained, is the cycloid required. 

2d Solution, — The points in this curve may also be obtained by 
drawing horizontal lines through the points of division, a} b^ c\ of 
the original circle, and then intersecting these by the arcs drawn 
with the respective centres, o, o\ oK 

Sd Solution, — ^In place of drawing arcs of circles with the various 
centres, as indicated on the right-hand side of Fig. 2, the curve 
may be obtained by setting off successively from the vertical, a o, 
on the horizontals, as before drawn, distances equal to those re- 
spectively contained between the original circle and the perpen- 
diculars through the several corresponding positions of the centre ; 
thus, the distances, e «*,//*, g 9^,h /*», &c., are set off from 1 to 
6», 2 to c', 3 to c?», &C. 

To avoid confusion, we have constructed the diagram referring 
to this last solution to the left-hand side of Fig. 2, which shows a 
portion of a second cycloid similar to the first. 

When the generating circle has made half a revolution, the sum- 
mit of the curve is reached, as at d^ the point corresponding to 
the diameter, a D. The length, A c, of the given straight line, is 
obviously equal to the rectification of the semi-circumferenoe of the 
generating circle, whose radius is a o. 

By continuing the construction, a complete curve may be ob- 
tained, having equal and symmetrical portions on either side of the 
vertical, c d, and having for its base a line double the length of 
A c, and consequently equal to the rectification of the entire cir- 
cumference of the generating circle. 

The cycloid is the curve generally given to the teeth of wheel 
gear and endless screws. 
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EXTERNAL EPICYCLOID. 
FiaUBE I.— PtATE 19. 

187. The epicycloid only differs from the cycloid, in that the 
generating circle, instead of rolling along in^ a straight line, does 
so around a second circle, whieh is fixed. When the two circles 
are in the same plane, the point taken generates a right or cyUn' 
drieal epicycloid ; when, the two circles are situate in different 

' planes, but maintaining a uniform angle to each other, the gene- 
rated carve becomes a spheric epicycloid ; ia this case the gene- 
rating circle is supposed to revc^ve about a fixed centre, at the 
same time rolling along the circumference of the stationary 
circle. 

1st Solution.,— Yoz the delineation, of the right epicycloid, the 
modes of construction to be adopted are analogous to that given, 
for the cycloid. Thus, let a o be the radius of the generating 
circle, and a g the radius of the fixed circle ; divide the former 
into a number of equal parts in the points, a^ b^, c^, d^, &c., and 
on the latter divide off as many arcs equal to the arcs of the 
former, starting from A, as at a, h, c, d, &c. Through these latter 
poiitts of division draw radii, c a, c ft, c c, and prolong them so a» 
to cut a circle, the radius of which is c o ;. this circle being gene- 
rated by the centre of the moving one during its rotation about the 
stationary one ; in this way are obtained the points, o, o^, o\ o\ 
which are the successive positions of the centre of the generating 
circle, as during its rotation it is successively in. contact at the 
points, a, ft, c, d, of the fixed circle. Then, with these points, 
0, o', d^f &c^as centres, describe the several arcs of equal radii with 
the generating circle, making them severally equal to the corres- 
ponding arcs, A a\ a ft*", a c*, as from a to a\ ft to ft*, c toe', &c. 
The curve passing through the points, a', ft*, c", &c., is the epi- 
cytoid required. 

2d Solution^— The points of this curve may also be determined 
by drawing, with the centre, c, arcs passing through the points of 
division^ a\ ftV c^, ^i ai^d cutting the arcs described with the 
various centres, o, o\ o», o»,. in a\ l^,.cl*t <fi, which are so many 
points in the epicycloid. 

3c{ Solution. — The curve may also be delineated by transferring 
the distance between the points, e, f, g, &c., of the generating 
circle- in its original position, and the radii, c A, c t, o k, produced,, 
passing through the different points of contact on the stationary 
cffcle,. measured upon the area described with the centre, o, to the 
same arcs, but so that the extremities of the whole may lie in the 
prolongation of the radius, o B. Thus the* distances, e eV//S 
ff ff\ &c, are set off, from 1 to a', 2 to ft», 3 to c*, &c. The dia- 
gram referring to this construction forms the right-hand portion of 
Tig. 1. 

When the generating circle has made an entire revolution, the 
curve obtained is a complete epicycloid, a d b, comprising two 
equal and symmetrical portions, one on each side of the line, c d,. 
which tSy in this instance, equal to two diameters of the moving 
circle. 

EXTERNAL EPICYCLOID DESCRIBED BT A CIBCLE. ROLLHTQ ABOUT 
A FIXED CIRCLE INSIDE IT. 

FioCTE- 3. - Plate 19. 

188. For this diagram, which is analogous to the preceding 
one^ the radii of the circles are given, c A being that of the fixed 
circle, and b^ a that of the moving one. Divide the first circle into 



any number of equal parts, in the points> a, ft, c, rf, &c., and divide 
off, on the larger circle of the radius, B a, a like number of arcs, 
equal to those on the other circle, as from a to a\ a^ to ft^ &c. 
Then, with the point c as a centre, and with the radius, B o, describe 
a circle, cutting the radii, c a, c a, c ft, c c, produced through c, 
in the points, b\ b\ b\ b\ and with each of the last as centres, and 
with the radius, a b, describe arcs, which will be tangents to the 
fixed circle, at the different points of contact, a, ft, c, in succession. 
Then, with the centre, c, describe arcs, passing successively through 
the points, a^ ft*, ci,.cf', on the moving circles, as in its first position. 
These last will out the arcs tangential to the given circle, in the 
points, a^ ft^ c\ d^, and the curve passing through these points is 
the epicycloid, sought. 

The c^her- two methods given, of drawing the common epicy- 
cloid, are also applicable to this last case. 

internal epicycloid. 
ViouBB 2.— Plate 19.. 

189. The epicycloid is termed internal, when the generating circle 
rolls along the concave side of the circumference of a fixed circle. 

Let A be the radius of the fixed circle, and b a that of the 
generating circle^ We commence, as before, by dividing the 
moving circle into a certain number of equal parts, and then 
dividing the fixed circle correspondingly, so that the arcs thus 
obtained in each may be equal. We then pEOoeed as in the case of 
the external epicycloid, according to whichever of the three solu- 
tions we propose adopting, all being alike applicable. The opera- 
tions are fully indicated in Fig. 2, and the same distinguishing 
letters are employed as in Fig. 1. 

When the generating circle is equal to half of the fixed circle, the 
epicycloid generated by a point in the circumference is a straight 
line, equal to the diameter of the fixed circle. Thus, in Fig. 3^ 
Plate 18, the epicycloid generated by the point, a, of the moving 
cirele of the- radius, a c, after a semi-revolution, coincides exactly 
with the diameter, a b. 

If, with circles of the same proportions- as those in Fig. 3, Plate 
16, we take a point, d, outside the generating circle, but preserving 
a constant distance from it, the epicycloid generated by it will be 
the ellipse,, d f e a, having for its transverse axis the line, d e, 
equal to the diameter, a b, of the fixed circle, augmented by twice 
the distance, d a, of the point, d, from ita extremity ; and for its 
conjugate axis, the Hne, a f, equal to twice the same distance, d a, 
alone. If it is wished to determine this curve according to its 
properties as an epicycloid, and without having recourse to the 
methods given in reference to Plate 5, and proper to the ellipse, it 
may be done by adding the distance, a d, to that of the radius, o a, 
in each successive position occupied by the generating circle during 
its rotation. If the generating point be taken inside the moving 
circle, the curve produced will also be an ellipse. 

The epicycloid is the curve most employed for the form of the 
teeth, whether of external or internal, spur or bevel wheels. 

Toothed gearing may be divided generally into two classes^ 
namely, right, cylindrical, or " spur " wheels, and conical, angukuv 
or ** bevel " wheels. In the first are comprehended the action of a 
rack or pinion, that of a worm or tangent-screw with a worm wheel, 
and that of two wheels. We may remark, that in all these wheels 
the teeth are so formed and arranged as to act equally well which- 
ever wheel of a couple be the driver, and in whatever dioection the 
motion takes place. 

L 
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THB DELINEATION OF A SACK AND PINION IN OBAB. 
Figure 4.~Plate 18. 

190. A rack is a straight and rigid rod or bar, formed with 
teeth on one side, so as to take into or gear with the teeth of a right 
wheel, generally of a small diameter, and in this case termed a 
pinion. Snch a rack is represented at A B in this figm*e. 

In proceeding to construct this design, as well as for all kinds of 
toothed gear, it is necessary to have determined beforehand the 
thickness, « &, of the teeth, as this dimension varies according to 
the power or strain to be transmitted ; and rules and tables, for 
this purpose, will be found at the end of the chapter. 

When the rack and pinion are made of the same metal, the 
thickness of the teeth should be the same in both. The spaces or 
intervals between the teeth ought also to be equal in such cases. 
Theoretically speaking, the intervals should be equal to the thickness 
of the teeth ; but in practice, they are made a little wider, to admit 
of freer action. 

191. The pitch of the teeth comprises the width of the tooth and 
that of the interval. In a wheel this pitch is measured upon a 
circle of a given radius, termed the primitive, or pitch, circle, and 
in the rack on a straight line tangent to the pitch circle of the 
pinion, and also called the primitive, or pitch, line. 

192. Let o c be the radius of the pitch circle of a pinion gearing 
with a rack, of which the pitch line is A b. We propose, in the 
first place, to determine the curve of the teeth of the pinion, so as 
to gear with and drive the rack, and we shall subsequently deter- 
mine the curve of the teeth of the rack, enabling it to gear with and 
drive the pinion. 

The operations consist in traversing the straight Ime, a o b, tan- 
gentially to the pitch circle, o c ; during this movement the point, c, 
win generate an involute, c d, which may be drawn in the manner 
indicated im Fig. 1, a construction which is further repeated at 
41* <*, &c., on one of the teeth of the pinion. Fig. 4. 

This curve possesses tWs property, that if the teeth are formed 
to it, and the pinion be turned on its axis, the point of contact, c, 
will always be in the straight line, a b, traversing this line at precisely 
the same velocity as the pinion at that distance from the centre, 
that is, at the pitch centre ; consequently, we divide this pitch 
circle into as many equal parts as there are to be teeth and intervals 
in the pinion, and at each of the points of division repeat the invo- 
lute curve, d, which will, of course, fulfil the same conditions at 
the various positions ; then, each of these divisions rectified is set 
off on the pitch line, A b, of the rack, as many times as is necessary. 
For each tooth the curves are placed symmetrically with reference 
to the radius which passes through their centres, as indicated at 
o ch, so that the pinion may act equally well when tummg in one 
direction as in the other. 

193. Since the teeth cannot have an indefinite length, they may 
be limited as far as is compatible with the following considerations: 
— The tooth of the wheel, which is the driver, should not relinquish 
contact with the one upon which it acts, nntil the tooth immediately 
succeeding it has taken up its original position, which, in the 
working of two wheels, corresponds to the line joining the centres, 
and in that of a pinion and rack, to the radius, o c, perpendicular 
to the pitch line, a b. 

Thus, supposing the pinion to move in the direction indicated by 
the arrow, the tooth, k, which is acting on the tooth, h, of the rack, 
should cootinue to impel it until the following tooth, o, shall have 
taken its place, when it will itself have taken the place of the 



tooth, F, having made the tooth, H, of the rack traverse to i. It 
will be observed that the curved part of the tooth is in contact at 
the point, c, on the pitch line, a b ; the tooth might be cut away 
at this point, but in practice, in order that the pinion teeth may 
act through a somewhat greater interval, and to avoid the play 
resulting from wear, they are truncated at a little beyond this point, 
c, a circle being described with the centre, o, cutting the curves of 
all the teeth at equal distances from the centre. 

To allow of the passage of the curved portion of the teeth of the 
pinion, the rack must be grooved out, so as to present bearing 
surfaces, which are determined simply by the perpendiculars, 
ft^/, c d, 5> g, to the pitch line, a b, and passing through the points 
of division already set out on this line. 

These perpendiculars, at the same time, form the sides or flanks 
of the rack teeth. 

Rigorously speaking, the depth of the intervals on the rack 
should be limited by the straight line, m n, tangential to the 
external cirde of the pinion ; but, to prevent the friction of the 
teeth against the bottom, it is preferable to augment the depth of 
the hollows by a small quantity ; joining the sides of the teeth with 
the bottom by small quadrants, which^ avoiding sharp angles, 
gives greater strength to the teeth. 

194. As in practice, toothed gear is constructed so as to drive, 
or be driven, indifferently, we require yet — ^to complete the design 
under consideration — ^to give to the teeth of the rack such curva- 
ture as is necessary to enable them to drive the pinion with which 
they are in gear in their turn, always fulfilling the conditions of a 
regular and uniform motion, both of the rack at its pitch line, and 
of the pinion at its pitch circle. 

With a view to the determination of this curve, we may remark, 
that if, with the radius, o o, as a diameter, we describe the circle, 
o L c, t, and cause it to roll along the straight line, a b, the point 
of contact, c, will generate a cycloid, c K, which may be constructed 
according to the modes indicated in Fig. 2. 

If the same circle is made to roll along the interior of the pitch 
circle, o o J, of the pinion, the same point, o, will generate a right 
epicyclpid, coinciding with the radius, o o, as has been seen in 
reference to Fig. 3. 

Then, if we give to the teeth of the rack the curve, c k, and to 
the flanks of the pinion teeth the straight line, c o, the arrangement 
will exactly fulfil the condition sought ; that is to say, that, in 
impelling the pinion teeth from right to left, the curve, c k, of the 
rack teeth will constantly apply itself to the straight line, o c, being 
always tangential to it. 

For example, suppose the curve, c k, to be traversed to the 
position, c* L, the radius, o c, will then be in the position, o l ; 
then, if from the point, L, the straight line, i< c, be drawn, the 
angle, o l c, will be a right angle ; that is to say, the line, o L, will 
be perpendicular to L c, and, consequently, tangential to the curve, 
L c*, in the point, l. If, therefore, the motion of the rack is r^iilw 
and uniform, that of the pinion will be equally so. The same curve, 
c K, is drawn at each of the points of division of the pitch line of 
the rack, as was already done for the teeth of the pinion. 

To find the proper length to give to the teeth, all that is neces- 
sary is to place, in the generating circle, o L c, a chord, l c, eqnal 
to twice b\ and through the point, li, thereby obtained, to draw 
a straight line, m n, parallel to a b. If, through all the points of 
division in the pitch circle of the pinion, are drawn radii converging 
in the centre, o, they will give the flanks of the teeth, as •/. * A 
dbc., which are limited by a circle described with the centre, o, and 
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tangential to the straight line, m n ; for the same reason as that 
assigned in the case of the rack, however, the spaces between the 
teeth are made a little deeper, and the sides of the teeth are joined 
to the bottoms by quarter circles, the circle in which the bottoms 
lie being described with a radius somewhat less than that of the 
circle last drawn. 

As it would be a tedious process to repeat the operations for 
determining the curves in the case of each individual tooth, it is a 
convenient plan to cut a piece of card or thin wood to the curve, so 
as to form a pattern or template, by the application of which to 
each of the points of division, the sides of the teeth may be drawn, 
care being taken to make the two sides of each perfectly symme- 
trical with reference to the centre line of the tooth. 

Even the labour of making a template or pattern is often dis- 
pensed with, and, in place of the curve, a simple circular arc is 
employed for the side of the tooth, the arc being of such a radiua 
as to approximate as near the tnie curve as possible. With this 
view the arc should be tangential to the side of the tooth, and 
passing through the external comer. Thus, supposing it is wished 
to substitute an arc for the true curve of the rack teeth, such as o r» 
of the tooth, p, since this aro has to pass through the point, r, 
oorrespixiding to i^ and obtained by making r> r equal toL q, and 
to be a tangent at o, to the vertical, o p, draw the chord, 
r, and bisect it by the perpendicular, a <, and its point of 
intersection, s, with the pitch line, A b, will be the centre of 
the required arc, and the sides of all the teeth may afterwards be 
drawn with the same radius, care being taken to keep the centres 
in the line, A b. 

An analogous operation will give the proportions of the ^rc, 
sabstituting the curve of the pinion teethe 

THE QEABIXO OF A WORM WITS A WORM-WHEEL. 
FiauBK 5 AJXD 6.~Platb 18. 

195. This system of gear is constructed on the same prinoiplea 
as that of a rack and pinion, which system requires that, in the 
first place, the worm and worm-wheel be supposed to be sectioned 
by a plane passing through the axis of the former, and at right 
angles to that of the latter. The representation of this section 
becomes analogous to the diagram, Fig. 4 ; that is to say, the pitch 
ctrole, o c J, of the worm-wheel beiug given, and also the straight 
pitch line, a b, of the worm tangential to this circle and parallel 
to the axis of the worm, the involute curve, o d, is sought for the 
teeth of the wheel, and the cycloid, o k, for those of the worm. 
The lengths of these curves are limited, as in the preceding example, 
and when the whole is complete, an outline will be produced 
similar to the sectioned portions of Fig. 6. It is ii^ this manner 
that the gearing of the worm and worm-wheel is made to depend 
upon the same principles as that of a rack and pinion^ and the same 
metiiod may be employed in construction in determining the outline 
of the teeth, as we have shown. 

To represent the worm and worm-wheel geometrically jn external 
elevati(Hi, instead of a section of the teeth alone, it is necsesary to 
know the diameter and pitch of the worm on the one hand, and the 
thickness of the worm-wheel. Fig. 5, on the other. 

Let M* A* be the distance of the pitch line, a b, from the axis, 
M M, of the worm, and a 6 the width of the wheel. When the 
worm is single-threaded (Par. 174), the pitch of the helix is the 
same as that of the teeth, and, therefore, the thickness of a tooth, 



added to the width of an interval. In this case, each revolution of 
the worm turns the wheel to the extent of one tooth, and this is 
the arrangement represented in the figures. If the worm, however, 
is double or triple-threaded, its helical pitch will be correspondingly 
two or three times the |tttch of the teeth ; and in this case, each 
revolution will turn the wheel to the extent of two or three 
teeth. 

The worm-whed being of a certain thickness, and requiring to 
gear with the convolutions of the worm, must necessarily have its 
teeth inclined to correspond with the obliquity of the worm-thread. 
It is further to be observed, that the sides of the wheel-teeth 
being simply tangential to the worm-thread, contact cannot, 
rigorously speaking, take place in more than one point of each 
tooth and convolution. This point constantly changes with the 
motion, but always lies in the plane, o^ mS of the section. 

In delineating the convolutions of the worm-thread, helicies 
have to be drawn passing through the external comers, d, e, and 
internal comers, /, g. We have repeated these points to the left- 
hand side of Fig. 6, where the required operatiixis are fully indieatec^ 
in connection with the projection. Fig. 5, and in accordance with 
the principles already explained (Par. 170). The corre^)onding 
points in the two Figs. 5 and 6, are distinguished hy the same 
letters and numbers. 

196. In order to represent an external elevation, of the teeth of 
the worm-wheel, it is requisite to develop (Par. 172)., a portion of 
the cylindrical surface generated by the revolution of the pitch-line, 
A B, about the axis of the worm, and containing the portion, 
A i k Im, for example, of the helix, described by the central point 
of contact, a. To obtain this, make the line, b^ a^ Fig. 7, equal to 
the semi-circumference, a^ m b', rectified. At the point, E^, erect 
the perpendicular, o^ B*, and make it equal to o e, Fig. 6, or half 
the pitch, and join c>, a>, whereby will be obtained the actual 
inclination of the worm-thread. On each side of the point, m, on 
B> aS mark distance m a* and m fr>, equal to m^ a and tn^ 6, Fig. 6, 
and through these points draw parallels to o^xS and the portion, 
p q, of the enclosed line comprised within, them, will serve to deter- 
mine the width and inclination of the teeth of the wonurwheeL 
Through the points, p, r, draw p t and r 9 parallel to B* a>, and 
mark off the distances, i a and s q, which are equal on the pitch 
oircLe of the wheel. Fig. 6, and from itot and q, after having drawn 
through the points, «, but only in faint pencil or dotted lines, the 
contours of the teeth as sectioned at f and qK It is then sufficient 
to repeat these outlines through the points, i and j, limiting their 
length by the same internal and external circles. 

Finally, the edge view of the worm-wheel. Fig. 6, being the 
lateral projection of the teeth, is determined by squaring across the 
points, tt, V, X, to uS v^, x\ which give the interiors of the teeth ; 
and the points, u\ v*, a^, being squared over to t^, t^, i^, give theiir 
exterior edges. 

Worm-wheels are sometimes constracted with the fom of the 
teeth concave, and concentric with the axis of the worm, with the 
view of their being in contact with the convolutions of the wonn- 
thread throughout a certain e^Jtent^ in plaoe of. only touching at 
single points. 

This arrangement, whiidi requirea a particular operatioD for its 
constmction, is general^ adopted when great precision is required, 
and when it is wished to avoid, as much as possible, any play 
between the teeth and. the worm-thread during the transmission of 
motion. 
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CYLINDRICAL OR SPUR GEARING. 

PLATE 19. 

THE EXTERNAL DEUNEATION OF TWO SPUA-WHEELS IN GEAR. 

FIGUBE4. 

197. Spur-toothed wheels are such as haye their teeth parallel, 
and lying upon a cylindrical surface or web. When a couple of 
such wheels are of unequal size, the smaller one is generally called 
a pinion, and the larger one a spur-wheel. Two wheels, which are 
intended to gear together, cannot work satisfactorily in oonoert, 
unless their radii or pitch circles are exactly proportional to the 
number of teeth contained by each. Consequently, in order to 
construct designs for couples of toothed wheels, it is necessary to 
know — ^the number of teeth of each, and the radius of one or other 
of them ; or the radii or diameters of both, and the number of teeth 
of one ; or the distance between their centres, and the radius or 
number of teeth of one ; or finally, the number of revolutions of 
each in the same time, and the distance between their centres, or 
the radius and number of teeth of one of them. 

' If we assume the following data, A B = 72eighth6 of an inch, and 
B G = 126, these being the respective radii of the pitch circles of 
two right wheels, and n = 24, the number of teeth of the pinion — 
we at once ascertain the number of teeth, N, of the spur-wheel, by 
the following proportional formula : — 

A B : B C : : n : N, or 72 : 126 : : 24 : N = 42. 
Then describe the pitch circles of the radii, a b and b c, and 
divide them respectively into 24 and 42 equal parts, thereby ob- 
taining the pitch, or the central point of each tooth, which is 
exactly the same on both pitch circles. Next subdivide the pitch 
into four equal parts, to obtain the centres of the intervals, and at 
the same time, the points through which the flanks of the teeth 
pass. If, with the line, a b, on the line of thp centres, a «, as a 
diameter, we describe a circle, the centre of which is at o, and 
suppose this circle to roll round the pitch circle, D b b, of the 
spur-wheel, the point, b, at present in contact will generate an 
epicycloid, b f, as shown previously in reference to Fig. 1 ; and 
this curve is the one proper to give to the side of the teeth of the 
spur-wheel, and it is accordingly repeated symmetrically on each side 
of the several teeth as shown in the diagram. If, further, we 
suppose the same circle of the radius, o b, to roll round the interior 
of the pitch circle, o B h, of the pinion, we shaU obtain the internal 
epicycloid (sometimes called hypocycloid), b o, as already explained 
in reference to Fig. 3, Plate 18, and a portion, b a, of this, forms 
the flank of the pinion tooth. 

Supposing the curve, b f, to form a part of the wheel, turning 
about the centre, c, in the direction of the arrow, i, it will fulfil the 
condition of impelling the flank, b a, which forms part of the pinion, 
so as to turn about the centre, a, in the like uniformity. In other 
words, the space passed through by the point, B, on the pitch 
oirde, o b H, will be exactly the same as that passed through by 
the same point, B, considered as belonging to the spur-wheel, on 
the pitch circle, E b d. 

198. In proceeding to determine the length to be given to the 
tooth, it is first to be observed that the epicycloidal curve should 
be sufficiently long to bear upon the side of the tooth, through an 
extent of circumferential movement equal to the length of the pitch 
from the line of centres ; that is to say, until the flank, at present 
in the position, b a, shall have arrived to the position c d. At this 



moment, it will be observed that the curve, b f, has reached the 
position, hff and is in contact with the flank of the pinion tooth in 
the point, /, on the circumference of the generating circle of the 
radius, a o. It will thus be obvious that the point, /, may be 
obtained by simply cutting off on the generating circle, an arc, b/, 
equal to the length of the pitch. Through this point, /, describe a 
circle having c for its centre, and it will cut all the teeth at the 
proper length. 

The depth of the intervals is theoretically determined by de- 
scribing, with the centre, a, a circle taugentiai to the first ; but in 
practice, as it is neoeesary to leave a slight space between the ends 
of the teeth and the bottoms of the intervals into which these work, 
the circle in question is described with a somewhat smaller radius, 
as A 10. 

199. Hence it is manifest, on the supposition that the spur>w<ieFi 
is intended always to be the driver, without being driven at any 
time by the pinion, that the teeth of the spur-wheel would onty 
require to be of the form indicated at J, and those of the pinion, like 
the portion of a tooth, K, slightly tinted for the sake of distinction ; 
but generally, and for obvious reasons, all spur gear is so con- 
structed as to act reciprocally, and equally well, whichever be the 
driver, and we must, therefore, shape the teeth of the pinion, so that 
it may, in its turn, perform that function. 

With this view, describe -a circle with the centre, o*, of the rmdius, 
b 0, taken as a diameter ; and suppose this circle to roll round the 
pitch circle, h b o, of the pinion, the point, b, at present in contact, 
will generate the epicydoid, B l, which is the proper curve to be 
given to the teeth of the pinion. The same point, b, considered as 
on the spur-wheel, will, as we have seen, generate a straight line, 
B* 0^ when rolling in the same manner round the interior of the 
circle, B b d, and this line forms the flank of the tooth of the spur- 
wheel. The operation proceeds in the same manner as for the 
pinion, the length of the teeth of which is determined by making 
the arc, B^^, equal to the length of the pitch and describing, with 
the centre. A, a circle passing through the point, /^. 

The depth of the intervals of the spur-wheel is, in like manner, 
limited by a circle described with the centre, c, and radius, c g^ 
which is somewhat short of being a tangent to the external circle 
of the pinion, so as to allow a little play to the teeth in their 
passage as already explained. In this manner are obtained the 
complete forms of the teeth, which are regular, symmetrical, and 
similar to each other, and satisfy the conditions of reciprocally 
acting gearing. 

In the graphic operations here described, we have supposed the 
intervals between the teeth to be exactly equal in width to the 
teeth themselves *, but as, in practice, it is necessary to allow of 
some play between the teeth, in order that they may work into 
each other with facility, this object is attained by reducing the 
thickness of the teeth a little ; and in the drawing, when the scale 
is not very large, it will be sufficient to delineate the ink lines just 
within the thickness of the peooil lines. Where it is wished to be 
more precise, this allowance may be calculated at about f^th or 
^th of the pitch. To give strength to the teeth, the interior angles 
of the intervals are rounded, as shown at each tooth in Fig. 4. 

When the pinion is but of small diameter, the web, x, which 
carries the teeth, is cast solid with the boss, the interval being 
filled up with a disc ; but when the wheel is larger, as in the case of 
the spur-wheel, the web, m \ is attached to the boss, p^, by arme, q, 
which are strengthened by feathers, rounded in at the angles, as 
represented in Fig. 4. 
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DKUNEATION O^ A COUPLE OP WHEELS OEARINO INTERNALLY. 
FiocRB 5.— Plate 19. 

200. The principles observed in determining the relative num- 
I bers of the teeth, with reference to the example just discussed, 
I apply in like manner to the case before us ; that is, such numbers 

must be in the exact ratios of the diameters of the pitch circles. 
The curvature ot the teeth is also determinable by means of the 
same operations, modified to suit the different positions of the 
parts with respect to each other. Thus the curve, B L, of the 
pinion tooth, is generated by the rolling round the pitch circle, 
B H, of the circle described with the centre, o, and radius, o B, 
equal to the half of B c, the radius of the pitch circle, d b e, of the 
larger wheel. This is an application of the operations explained 
in reference to Fig. 3. The flanks, B a, or the sides of the teeth, 
are obtained bj simply drawing radii, or lines converging in the 
point, c. 

In the same manner, the curve, b f, of the teeth of the large 
wheel, is generated by rolling along the interior of its pitch circle, 
D B E, a circle described from the centre, o», and radius, b o^ equal 
to half the radius, b a, of the pitch circle, o b h, of the pinion. 
These curves being obtained, the outlines of the teeth are com- 
pleted in the manner explained in reference to Fig. 4. It may, 
however, be obsenred that, in the diagram. Fig. 5, though the teeth 
might be cut off by a circle passing through the point, /, and de- 
scribed with the centre, A, they are prolonged beyond that, so 
that the teeth remain longer in contact, and a greater number of 
teeth are, consequently, engaged at one time, allowing the strain 
to be distributed over a greater number of points. It is the fact 
of the curvatures of the two lines of teeth being in the same direc- 
tion, which admits of a greater number of teeth being engaged at 
ODce, without that increase of friction, and other disadvantages, 
which would result from such an arrangement with wheels of the 
ordinary description, such as those shown in Fig. 4. 

THE PRACTICAL DELINEATION OP A COUPLE OP SPUE-WHEELS. 
PLATE 20. 

201. lu the cases treated of in the preceding sections, which 
comprehend the general principles involved in rack and wheel 
gearing, we have assumed that the rack and pinion, or pinion and 
spur-wheel, are constructed of the same material, and in this case 
the thickness of the teeth is the same in any two working together. 
It Tcry often happens, however, in actual construction, that one 
of the two has wooden, and the other cast-iron teeth, or of other 
dissimilar materiaL When this is the case, the thickness of the 
one description must necessarily be greater than that of the other, 
to eompensate for the difference in the strength of the materials. 
The pitch, however, will still be the same for both wheels ; for, 
since the intervals on one wheel correspond to the teeth on the 
other, a tooth and an interval on one must obviously be equal to 
u interval and a tooth on the other. A couple of wheels of this 
<^«scription are represented in elevation and plan in Figs. I and 2. 

We here assume the wheels to be in the ratio to one another of 
^: 4; whence, giving the pinion 36 teeth, the spur-wheel must 
l^ve 48. After dividing the pitch circle of the spur-wheel, drawn 
^th the radius, o b, into 96 equal parts, the points of division 
representing the centres of the teeth and of the intervals, and the 
pitch circle of the pinion drawn with the radius, a b, likewise, into 
72 equal parts— with the centres, o and oS describe the circles 



which generate the epicycloidal curves, b f and b l. Take 4-)- ^^ 
the pitch, b c, for the thickness of the wooden tooth, d e, and ^y 
for that of the cast-iron tooth, allowing the remaining ^ for the 
play in working. Next draw a series of radii, to indicate the 
flanks of the teeth, both of the pinion and spur-wheel, and at the 
point of their junction with the pitch circle, draw the curved por- 
tion of each, with the aid of a small pattern or template, cut to 
the ciurves, b l and b f ; and finally litmit the lengths of the teeth 
and the depths of the hollows in the manner already pointed out, 
in reference to Plate 19. 

As draug:htsmen are generally satisfied with representing the 
epicycloidal curves by arcs of circles which almost coincide with 
them, and nearly fulfil the same conditions, such arcs must be 
tangential to the radial sides of the teeth at their points of inter- 
section'with the pitch circle. They are determined in the follow- 
ing manner : — Let Fig. 10 represent one of the pinion teeth, drawn 
to a larger scale. Through the point of contact, b, draw a tan- 
gent, B 0, to the pitch circle ; then bisect the chord, b n, which 
passes through the extremities of the curve, by a perpendicular, 
which will cut the tangent, b o, in the point, o. This is the centre 
of the arc, b m n, which very nearly coincides with the epicycloidal 
curve. The same arc is repeated for each side of all the teeth of 
the pinion, the radius, b o, being preserved throughout. An 
analogous operation determines the radius of the arc to be sub- 
stituted for the curve in the teeth of the spur-wheel. 

It is generally advisable to make wooden teeth about three- 
fourths as long as the pitch, and cast-iron teeth about two-thirds 
as long. In no case, however, should the lengths of the teeth in 
the two wheels geared together be less than those obtained hy 
calculation, and determined by the points, /, /^ situated on the 
circles described with the centres, o o*, by which the epicycloids 
are generated. The ratio of the curved external portion, n m, of 
the tooth to the flank, n /?, is 4 : 5. In other words, the whole 
height or length of the tooth being divided into 9 equal parts, 4 of 
these are to be taken for the length of the curved portion, and 5 
for the rectilinear flanks. When the teeth are of cast-iron, the 
thickness, p g, of the web should be equal to the thickness, r «, of 
the tooth. Sometimes it is made only |ths of thia ; but in that 
case it is strengthened by a feather on the interior. 

For wooden-toothed wheels, since it is necessary that the tenon, 
t, of the tooth be firmly secured, the web is made of a thickness, 
p^ q^f often double that of the tooth. The tenons of the teeth must 
be adjusted very carefully and accurately in the web. They are 
made with a slight taper, and are secured by iron pins or wires on 
the inner side of the web, or through the centre of it as at u and u *, 
passing through them, or by a series of wooden keys or wedges, 
V, driven in between them, and forming strong dove-tail joints. 
These modes of fixing the teeth are shown at different part« in 
Fig. 2, and more m detail in Fig. 7. There is a third modification, 
which also possesses some advantages. We have represented it at 
T, Fig. 3 ; it will be seen that it consists in forming the teeth with a 
couple of shoulders, z, which allow of the tenons, i, being made 
much stronger, and also reduces the weight of metal, two objects 
of great importance. 

The width, «y, of the teeth is equal to two or three times their 
pitch. In wheels entirely of cast-iron, the web is of the same 
width as the teeth ; but it is much broader when the teeth are of 
wood, for it requires to be mortised, to receive the tenons of the 
teeth, and should have a width equal to that of the teeth, plus an 
amount equal to once and a half or twice their thickness. We 
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have already mentioned^ that in wheels of moderate size, the 
weh, M\ is attached to the boss, p\ by arms, Q. The number of 
these arms varies, 4, 6, or 8, being used according to the diameter. 
In the present case the wheels have six arms ; this number, amongst 
other reasons, being more psrticularly convenient, because th« 
number of teeth are divisible by 6. Whence it follows, that the 
feathers which strengthen Uie arms on either side of the wheel, 
can be made to lie between two of the teeth, at each of the six 
points of attachment to the web. 

The feathers are joined to the body of each arm by eavetto or 
eoncave quarter-round mouldings, with or without fillets, as indi- 
cated in Figs. 5 and 6, which represent sections of the arms taken 
through the lines 1, 2 ; 2, 3, respectively in Figs. 2, 3, and 4. 

At other times the feathers are united to the body of the arm 
by plain chamfer portions, as shown in Fig. 8 ; or, even mow simply 
still, and without filling up the angle formed, as in Fig. 9, the 
feathers being united, as it were, to the body of the arm without 
any additional moulding. 

In all cases, however, these feathers are made with a taper, 
being thicker at their point of union with the body, and gradually 
decreasing in thickness outwardly. 

Figs. 3 and 4 represent cross sections of the wheels, taken 
through the irregular line, 3, 4, 5, of the wheel and pinion respec- 
tively in Fig. 2. We may observe, in reference to these sections, 
that at the upper part of each the plane of section is supposed to 
be parallel to the arm, or the arm is, as it were, turned so as to be 
parallel to the plane, o' c, or a^ a, Fig. 2, in order that it may be 
projected in the sectional view without foreshortening. At the 
lower parts of these views, however, the arms are projected, as in 
the oblique position represented in Fig. 2. 

In this description of drawings, these oblique projections are 
generally dispensed with, and are. Indeed, avoided, as they do not 
readily give the exact measurements of the parts represented. 

The operations indicated on the figures complete the general 
design of Plate 20, whether of the plan^ elevation, or sections. 



THE DELINEATION AND CONSTRUCTION OF WOODEN 

PATTERNS FOR TOOTHED WHEELS. 

PLATE 21. 

8PUE- WHEEL PATTERNS. 

202. If, as we have already endeavoured to impress upon the 
student, great care is required in the construction of wooden pat- 
terns in general, above all is this care and extreme accuracy called 
for in the execution of the patterns of toothed wheels, because of 
the great exactitude absolutely needed in the proportions of the 
various parts — as that, for example, between their diameters and 
numbers of teeth. 

The pattern-maker must make allowance, not only for the shrink- 
ing of the cast-iron, but also for the quantity of metal to be taken 
away by turning and finishing afterwards. Moreover, the pattern, 
which is necessarily in many pieces, must be joined together so 
strongly and solidly, that it may not run the risk of changing its 
shape during the construction of the mould. 

For wooden-toothed wheels, the web requires to be n^ade with a 
number of openings or mortices to teceiye the tenons of the teeth. 
But in place of producing these mortises on the wooden patterns-* 
which system, besides weakening it, would gender the formation of 
the mould much more difficult — small projections corresponding to 
the teeth are fixed externally to the web. These projections or 



" prints " as they are sometimes termed, form sockets in the mould, 
in which the actual loam cores are fixed, which form the mortises 
when the piece is cast. 

Bearing in mind these various considerations, we may proceed 
to the construction of the patterns for two spur-wheels, similar 
to those we have last described, and represented in Plate 20. 

PATTERN OF THE PINION. 

203, Figs. 1 and 2 show a vertical section and a half plan of the 
wooden pattern of the pinion. It is composed of many principal 
pieces— namely, the rim, web, or crown, as it is variously termed, 
and its teeth; the boss, with its core-pieces; and the arms, or 
spokes, with their feathers. We shall proceed to examine these 
various parts in succession. 

"WEB OR CROWN, 

The pattern-maker takes planks of the requisite thickness, vary- 
ing from i an inch to an inch, and cuts out of it a series of arcs, a, 
of a uniform radius, corresponding to that to be given to the 
pinion, with the addition of the allowance for shrinkage and loss 
from finishing. These arcs are built up like brickwork, the joints 
of one layer, or series, beix^ opposite to solid portions of the 
contiguous layers, as shown in Fig. 3. This arrangement prevents 
the liability to waip or diange the form, from variation in the 
humidity of the atmosphere, as would be the case were the crown 
made of a single piece. 

The rim or web being thus, so far finished and glued together, the 
joints being quite dry, it is then put into a lathe, and there turned 
quite true, both externally and internally. The two surfaces are 
here made perfectly parallel, and the whole is reduced to the exact 
dimensions determined on, and shown upon a large working draw- 
ing of the actual size, previously prepared, generally by the pattern- 
maker himself. 

At this stage, the external surface of the rim or crown is divided 
off by lines, showing the position of the teeth, which are then 
sometimes simply screwed or nailed on. It is, however, much 
preferable, and conduces very much to the solidity of the wheel, 
to cut out grooves of a trifling depth on the periphery, into which 
the teeth are fixed, being formed with a dovetail for that purpose, 
as shown at b, in Fig. 2. Sometimes the dovetail pieces are made 
separate, and afterMraids fixed to the teeth as shown at r^ 

BOSS. 

The boss or eye is made in two. jpieoes, each one solid bloc^ of 
wood, n, except when the wheel La of a large size, in whi^ case the 
boss requires to be built up of several pieces. 

These blocks are each turned aei>arately to the exact dimen- 
sions given in the plans, and they secure between them the thick- 
ness of the body part of the arms, tenned also the face arms. 

arm» or spoken 

The face arm, c. Fig. 4, is also cut out of planks of a uniform 
thickness, being formed not only to the external contosr of th»t 
part of the arm which is afterwards the only part vi/sible in the 
casting, but also comprising, above #nd beyond this, the projections 
by which, in the pattern, it is attached to the boss on the oae hand, 
and to the rim or crown on the other. The extremity, a, of the 
boss end of the arm is in the form of a sector, corresponding to a 
sixth part of the circle of the boss, the pinion having six arms ; 
the lateral facets, b, of this part are grooyed out, to receive small 
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tongue-pieces, or keys, e, Fig. 2, bo as to form a strong joint; when 
glued together. The other extremity, d, of the arm is cut circularly, 
to the form of the crown, or web, into which it is fitted, penetrat- 
ing to a slight extent, the crown being previously formed with a 
socket to receive it. 

Next, the feather arms, B, have to be attached to the body or face 
anns, c. These feathers, B, are each cut out in separate pieces, to 
the shape indicated in Fig. 5 : they have supplementary projec- 
tions, e and/, at their opposite extremities, whereby they are fixed 
into the web and boss. When all these feathers are in their place, 
and the arms glued into the rim or web, the two portions, D, D, 
of the boss are fixed to them, the grooves for the reception of the 
ends of the feathers being glued, as well as the other parts, to give 
greater solidity. Finally, the boss is surmounted by the conical 
projectmg pieces, f, f, which serve to produce in the mould the 
cavities, or sockets, which retain the loam core in position, the 
core being provided to produce the eye of the wheel, into which 
the shaft is fitted. 

To give compactness and strength to the whole, a bolt, o, is 
passed through the centre ; and this method of securing permits 
of the core projections, f, f, being changed for larger or smaller 
ones, if desired, without having to pull the entire wheel to pieces. 
If, to add to the elegance of the shape of the wheel, it is wished to 
ornament the arms with mouldings, as at i, these are applied at 
the angles or junction of the feathers with the body of the arm. 
These are simply glued or nailed on. The sectional view, Fig. 6, 
taken on the line 1, 2, Fig. 8, shows the form and position of these 
oionldings. 

It is to be observed that, in wheels of a moderate size, when 
cast-iron teeth are to work on cast-iron, they are at once cast to 
the exact shape, and the pattern is constructed accordingly ; but 
it is ahnost always indispensable, where cast-iron and wooden 
teeth have to work together, to finish and reduce the former after 
being cast; and the projections, B, on the pattern answering to 
them, most oonseciuently be made of larger proportions every way, 
to provide for the quantity of metal taken away in the finishing 
process. 

PATTERN OF THE WOODEN-TOOTHED 8PUB WHEEL. 

204. Figs. 7, 8y and 9 represent, in elevation, plan, and vertical 
section, the wooden pattern of the spur-wheel, which gears with 
the pinion just described. It consists, like the pinion, of the 
crown or web, the boss, and the arms ; these various parts are 
designated by letters corresponding to those employed in the 
preceding example, and they are constructed exactly in the same 
manner. 

There is, however, an essential dififerenoe in the exterior of the 
rim or web, a. — In place of this carrying the projections, b, out to 
the shape of the teeth, and such as will actually be produced on 
the casting, it has other projections, b\ of a simpler form, intended 
to produce in the mould the sockets for receiving core-pieces 
vhich form the mortises in the casting, to receive the tenons of 
the wooden teeth. These projections are let into the web, or 
simply applied thereto, and fixed by nails, as at /, or by screws, as 
at m, the latter method being preferable, as it has the advantage 
of permitting the number of teeth to be changed without injury to 
themselves or to the web. In the wooden pattern, the projections, 
B', are carried up to the top edge, or face of the web, on that side 
which is to be at the top of the mould, so as to allow of the more 
accurate adjustment and dropping in of the cores, and also to 



facilitate the removal of the pattern from the mould. These core- 
pieces, however, are so formed as to make the mortises no wider 
than is necessary, and to leave a sufficient thickness of metal for 
the strength of the crown, or web, as already pointed out in 
reference to Plate 20. 

CORE-MOULDS. 

205. The core-pieces or prints for the mortises should not only 
be placed at equal distances apart throughout the circumference of 
the web, but they must all also be of precisely the same form and 
dimensions throughout, so that the cores may fit their proper 
places in the mould exactly, and thus make the mortises of the 
wheel when cast perfectly true and equal. With this view, the 
cores are all formed in a small mould or box, made of wood or iron 
for that purpose, and termed a "core-box:" there are several 
methods of forming these, but we will only describe the two most 
common, namely, the one which forms the core on its side, and 
the one which forms it on edge.^ Thus, Fig. 10 represents a face 
view, and Fig. 11a horizontal section, through the line 3, 4 ; in 
Fig. 10, of one form of core-mould, consisting of a single piece. 
The portion, n, of the cavity corresponds to the projecting core- 
piece, B\ outside the rim, or web, and the portion marked o, to 
the mortise, or hollow socket, in the web : this last has the same 
section as the web in the width of the out-out part. The moulder 
fills the cavity of the core-mould with loam, previously prepared, 
and after pressing it well in, levels it off with a straight-edged 
doctor or scraper ; he finally inverts the mould, thus releasing the 
core complete. The operation is repeated as many times as their 
are teeth ; and when the cores are all dried in a stove, or on a 
hot plate they are placed with great care in the mould, their 
supplementary projections, n*, being let into the sockets formed 
to receive them — thereby insuring the accuracy of their adjust* 
ment. 

Figs. 12, 13, and 14, show another construction of wooden core- 
mould, formed in two sejuurate pieces, h and i. These have be- 
tween them the cavity, n o, corresponding to that in the one just 
described. In this last case, the surface of the core, which requires 
to be levelled off with a scraper, is only at one of the extreme 
edges, instead of on the lateral faces, as in the other, and the cores 
are released by separating the two pieces, H, i, which are ren- 
dered capable of accurate adjustment to each other, by means of 
pins, k. The parts, n\ are sometimes dispensed with, and filled 
in with green sand, after all the cores are properly placed in the 
mould. 

To return to the wheel itself: when it is of very large dimen- 
sions, the blocks, d, of the boss, are secured together by two or 
more bolts, o, in place of one. 

The mould for the wheel, is usually in two pieces, the lower 
part or " drag,'' being let into the ground in the moulding shop ; 
the upper frame, or top part is moveable, and it will be obvious 
that very great care is required, both in lifting this off the pattern, 
and also in withdrawing the pattern from the drag, so as not to 
injure the regularity and sharpness of the impression ; and for this 
purpose, sufficient ** draw " or taper must be given to the various 
parts, as the crown and its core-prints, the boss, and the feathers 
on the arms, as already pointed out. 

When the patterns are heavy, two or more screw-staples, or 
** draw-plates," l, Figs. 2, 8, and 15, of iron or brass, are counter- 
sunk into the crown, and into these, draw-handles are screwed, 
by which the pattern is lifted out of the mould. 
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Note that in Figs. 2, 8, and 9, are oombinedy in single views, 
several different projections, to avoid repetition of the diagrams, 
and to simplify the whole drawing, and bring it into a small 
space. This system is very much used in drawings, or plans, 
made for actual construction. These irregularities are not nume- 
rous, and will be seen at once, such as dotting in parts which 
would not be seen on the views in which they are shown, and 
also taking the sections on different planes in the same view, as in 
Figs. 1 and 9, the lines of which are, however, dotted in the plans 
corresponding. 



RULES AND PRACTICAL DATA. 

TOOTHED OSABINO. 

206. It has been #ilready laid down as a fundamental rule, that 
in order to work well, all toothed wheels coupled together must 
have the same ratio between the numbers of their teeth as between 
their diameters. 

It follows from this principle, that when we know the radii of 
the pitch circles of two wheels, and the number of teeth of one of 
them, we can determine that of the other, and reciprocally. 

Thus, putting n, to represent the number of teeth of a wheel of 
the radius, b ; and n, to represent the number of teeth of a wheel 
of the radius, r, we have the direct proportionals, n : n : : b : r ; 
whence we can, at any time, ascertain any one of the terms when 
the other three are known. 

Firgt Example. — ^Let the radius of the pitch circle of a spur- 
wheel be 12 inches, and the number of teeth on it 75, what should 
be the number of teeth on a pinion gearing with it, the radius of 
the pitch circle of which is 8 inches 7 

We have 

75 : n : : 12 : 8 ; whence 

n = 1L}L^ = 50 teeth. . 
12 

Second Example, — Let 75 and 50, respectively, be the number 

of the teeth of a spur wheel and pinion, and 12 inches the radius 

of the pitch circle of the former, the radius of the pitch circle of 

the latter may be found by means of the proportion — 

75 : 50 : : 12 : r ; whence, 

^_50 X 12 



75 



! = 8 inches. 



207. The velocities of rotation, or the numbers of revolutions 
of the shafts of a spur-wheel and pinion in gear with each other, 
are in the inverse ratio of the respective diameters, radii, or num- 
bers of teeth of the two wheels. 

Consequently, putting v, to represent the velocity of rotation of 
the pinion shaft, the radius of the pitch circle of which equals r, 
and the number of the teeth, n, and putting V, to represent the 
velocity of the spur wheel shaft, of which the pitch circle radius 
equals R, and number of teeth, N, we have the inverted 
proportions — 

t; : V : : r : R, 

and 

V : V : : n : N. 

In either of these proportions, we can determine, as in the former 
example, any one term when the three others are known. 

First Example.—A spur wheel, the pitch circle radius of which 
is 10 inches, has a velocity of 25 revolutions per minute ; what is 
the pitch circle radius of a pinion to gear with it, and make 



60 revolutions 



whence. 



in the same time? 
25 : 60 : : r 



By the inverse proportion, 
ilOj 



. _ 25 X 10 
60 



= 4} inches, 



the pitch circle radius of the pinion. 

A spur-wheel has 60 teeth, and is required to run at 25 revolu- 
tions per minute, and at the same time to drive a pinion at the rate 
of 75 revolutions per minute, what should be the number of teeth 
of the latter ? 

Here, 

57 : 25:: 60: n; 
whence, 



25 



-><i^=:20, 
76 



the number of teeth the pinion must have. 

These principles apply also to pulleys or drums put in communi- 
cation with one another by cords or belts, and known as belt-gearing. 

Sometimes, in systems of geared spur-wheels, all that is known 
is the distance apart of their centres, the number of teeth which 
they are to carry, or the number of their revolutions in the same 
time. In this case we have, on the one hand, an inverse proportion 
between the distance of their centres, the sum of their revolutions, 
and between their respective radii and revolutions ; and, on the 
other hand, a direct proportion between the distance of the centres, 
the sum of the teeth on both wheels, and their respective radii, or 
the number of teeth of each. 

Let D be the distance apart of the centres of a spur-wheel and 
pinion of the respective radii, R, r, and number of teeth, N, n, or 
the reciprocal velocities, Y and v ; we have first the following in- 
verse proportion, 

D: V + p::R:V; 
and, secondly, the direct proportion, 

D:N + «::N:R. 

First Example. — ^Let 45 inches be the distance between the 
centres of a spur-wheel and pinion, the former of which is to make 
15^ revolutions per minute to the other's 22, what should be their 
respective radii ? 

We have first, 

45:22 + 15-5: :R:22; 
whence, 



45 X 22 



and 



whence. 



^=22 + 15^ = 26-*^^*^^' 



45 : 22 + 15-5 : : r : 155 ; 



45 X 15-5 



= 18*6 inches. 



22 + 15-5 

When the pitch circle radius of one of the wheels is ascertained, 
it is evidently unnecessary to search for the other radius by means 
of the second proportion, for it is sufficient to subtract the one 
found from the sum of both ; thus, 

45 — 26-4 = 18-6 ; or, 
45 _- 18-6 = 2§-4. 
Second Example. — The distance, d, between the two centres 
being known = 45 inches, and one wheel carrying 44 teeth and 
the other 31, what are their respective radii ? 
We have here, in the first place, 

45 : 44 + 31 : : R : 44 ; 
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whence, 



and 



whence, 



R= 



45 X 44 



= 26-4, 



'31 + 44' 
45:31 + 44::r:31; 

^5 ^^^-18-6. 



31+44 
or, more simply, 

r = 46 — 26-4 = 18*6 inches. 

In like manner, the respective radii of a spur-wheel and pinion, 
to gear together, may be determined geometrically, when the dis- 
tance between their centres is known, as well as the numbers of 
revolutions of each, by the following rule : — 

Divide the distance into as many equal parts as there are of any 
measure contained exactly in the sum of the velocities, such mea- 
sure being also contained exactly any number of times in each of 



the velocities alone. Then, for the pinion radius, take as many of 
these measures as are contained in the lesser velocity, and for the 
radius of the spur-wheel, the remainder of them. 

Example, — ^Let 16 inches be the distance between the centres 
of a spur-wheel and pinion which make 6 and 4 revolutions re- 
spectively, or any equi-multiples or equi-submultiples of these, as 
12 and 8, or 3 and 2. Divide the distance into 10 equal parts, 
and take 4 of these for the pinion radius, and 6 for the spur-wheel 
radius. 

This rule is of very simple application when the ratios of the 
numbers of revolutions are whole numbers, such as 1 : 4, or 2 : 5 . 
for all that is necessary is to add the two together, to divide the 
distance between the centres to corresjwnd, and to take the re- 
spective numbers of measures for each wheel. 

The following table will be of great assistance in the solution 
of various problems connected with systems of gearing, when of 
the number of teeth, the pitch, and the radius, any two are known. 



TABLE FOE CALCULATING THE NUMBERS OF TEETH AND DIAMETERS OF SPUR GEAR, FROM THE PITCH, OR VICE VERSA. 



1 

' Number. 


Coefficient. 


Number. 


Coefficient. 


Number, 


Coefficient. 


Number. 


Coefficient. 


Number. 

1 


Coefficient, 


1 i« 


3-183 


39 


12-414 


68 


21-644 


97 


30-875 


126 


40-106 


1 11 


3-501 


40 


12-732 


69 


21-963 


98 


31-193 


127 


40-424 


, '2 


3-820 


41 


13050 


70 


22-281 


99 


31-512 


128 


40-742 


1 13 


4-138 


42 


13-369 


71 


22-599 


100 


31-830 


129 


41-061 


1 14 


4-456 


43 


J 3-687 


72 


22-917 


101 


32-148 


130 


41-379 


, 15 


4-774 


44 


14-005 


73 


23-236 


102 


32-467 


131 


41-697 


' 16 


5-093 


45 


14-323 


74 


23-554 


103 


32-785 


132 


42-016 


17 


5-411 


46 


14-642 


75 


23-872 


104 


33-103 


133 


42-334 


1 18 


5-729 


47 


14-960 


76 


24-191 


105 


33-421 


134 


42-652 


1 19 


6-048 


48 


15-278 


77 


24-509 


106 


33-740 


135 


42-970 


20 


6-366 


49 


15-597 


78 


24-827 


107 


34-058 


136 


43-289 


1 21 


6-684 


60 


15-915 


79 


25-146 


108 


34-376 


137 


43-607 


22 


7-002 


51 


16-233 


80 


25-464 


109 


34-095 


138 


43-925 


; 23 


7-321 


62 


10-552 


81 


25-782 


110 


35-013 


139 


44-244 


24 


7-639 


53 


16-870 


82 


26-100 


111 


35-331 


140 


44-562 


,' 25 


7-957 


64 


17-188 


83 


26-419 


112 


35-650 


141 


44-880 


1 26 


8-276 


55 


17-506 


84 


26-737 


113 


35-968 


142 


45-199 


1 27 


8-594 


56 


17-825 


85 


27-055 


114 


36-286 


143 


45-517 


i 28 


8-912 


67 


18-143 


86 


27-374 


115 


36-004 


144 


45-835 


; 29 


9-231 


68 


18-461 


87 


27-692 


116 


36-923 


145 


46-153 


30 


9-549 


59 


18-780 


88 


28-010 


117 


37 241 


146 


46-472 


1 31 


9-867 


60 


19-098 


89 


28-329 


118 


37-559 


147 


46-790 


1 32 


10-186 


61 


19-416 


90 


28-647 


119 


37-878 


148 


47-108 


' 33 


10-504 


62 


19-734 


91 


28-965 


120 


38-196 


149 


47-427 


1 34 


10-822 


63 


20-053 


92 


29-284 


121 


38-514 


150 


47-745 


, 35 


11-140 


64 


20-371 


93 


29-602 


122 


38-833 


151 


48-063 


1 36 


11-459 


65 


20-689 


94 


29-920 


123 


39-151 


152 


48 382 


37 


11-777 


66 


21-008 


95 


30-238 


124 


30-469 


153 


48-700 


' 38 


12-095 


67 


21-326 


96 


30-557 


125 


39-788 


154 


49-020 



RULES CONNECTED WITH THE PRECEDING TABLE. 

I. To find the diameter of a spur-wheel^ when the number and 
pitch of the teeth are known. 

MuUiply the coefficient in the table^ correipanding to the num- 
ber of teeth, by the given pitch of the teeth in feet^ inches, or other 
measure, and the product wiU he the diameter in feet, inches, &c,, 
to correspond. 

First Example, — What is the diameter of the pitch line of a 
spur-wheel, of 63 teeth, having a pitch of 1 J inches? 

Opposite the number 63, in the table, we find the coefficient, 

20-053. Then— 

20-053 X 1-5 = 30-08 inches, 

the diameter of the spur-wheel. 



Second Example, — ^What are the diameters of the pitch lines of 
two wheels, of 41 and 150 teeth respectively, the pitch of their 
teeth being f inch ? 

On the one hand we have 

1305 X 75 = 9-7875 inches, 
the diameter of the pinion of 41 teeth ; and on the other, 

47-745 X 75 = 35-8 inches, 
the diameter of the spur-wheel of 150 teeth. 

II. To find the pitch of the teeth of a spur-wheel, when the 
diameter of the pitch line and number of the teeth are known. 

Divide the given diameter hy the coefficient in the table correspond- 
ing to the number of the teeth, and the quotient unU be the pitch 
of the teeth sought. 
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First Example,— Wh&t is the pilch of a wheel of 30*08 inches 
diameter, and of 63 teeth? 

Here— 

30-08 : 20-053 = 1-5 inch, 
the pitch required. 

Second Example, — ^It is required to construct » spur- wheel, of 
126 teeth, to work with the preceding, what must he its diameter? 

Here— 

1-5 X 40-106 = 60-159 inches, 
the diameter of a wheel of 126 teeth and of the same pitch. 

TIL To find the number of teeth of a wheel, when the pitch of 
the teeth and diameter of the pitch line are known. 

Divide the given diameter hy the given pitch of the teeth, the 
number in the table corresponding to the quotient wxU be the nuihber 
of teeth sought. 

If the quotient is not in the table, take the number corresponding 
to that nearest to it. 

First Example, — The diameter of a spur-wheel is 30-08 inches, 
and the pitch of the teeth is 1-5 inch, what number of teeth should 
the wheel have ? 

30-08 : 1-5 = 20-53 j 
which quotient corresponds to 63 teeth. 

Second Example, — What should be the number of teeth of a 
pinion, the diameter of which is 875 millimetres, and which is in- 
tended to gear with a rack, of which the pitch is 25 millimetres ? 
875 : 25 = 35. 

The number most nearly corresponding to this is 110, the number 
of teeth to he given to the pinion. 

ANGULAR AND CIRCUMFEBENTIAL VELOCITY OF WHEELS. 

208. When it is known what is the angular velocity of the shaft 
of a fly-wheel, spur-wheel, or pulley, the circumferential velocity 
may be found by the following rule : — 

Multiply the circun^erence hy the number of revolutions per 
minute and the product will give the space passed through in the 
same time ; and this product being divided by 60, will give the velo- 
city of the circumference per second. 

Example. — Let the diameter of a wheel be 4 feet, and the number 
of its revolutions per minute 20, what is the velocity at the circum- 
ference ? 

The circumference of the wheel = 4 X 3-1416 = 12-5664 ; then 
12-5664 X 20 = 251-328 feet, 
the space passed through per minute by any point in the circum- 
ference; and 

251-328_ . ^ 
~60^-**^' 
the velocity in feet per second. 

When the velocity at the circumference is known, the angular 
velocity, or the number of turns in a given time may be ascertained 
by the following rule : — 

Divide the circumferential velocity hy the circumference, and the 
quotient will be the angular velocity, or number of revolutions in the 
given time. 

In the preceding case, 4*2 feet being the circumferential velocity 
per second, and 4 feet the diameter, we have 

4 X 3-1416 = ^^ 
the angular velocity per second ; and 

•334 X 60 = 20, 
the number of revolutions per minute. 
In practice, it is easy to ascertain the velocity of a wheel, the 



motion of which is uniform. With this view, a point is marked 
with chalk on the rim of the wheel, and note is taken of how often 
this point passes a fixed point of observation in a given time ; then 
this number of revolutions is multiplied by the circumference 
described by the marked point, and the product divided by the 
duration of the observation expressed in seconds. The result will 
be the velocity of the circumference of the wheel. Every other 
point on the wheel will have a different velocity, proportioned to 
its distance from the centre of motion. 

Example. — A wheel, 2 feet in diameter, having, according to 
observation, made 75 revolutions per minute, what is its circum- 
ferential velocity (per second) ? 

75 X 3-14 X 2 



V = 



GO 



= 7-83 feet. 



circumferential velocity of the wheel. 

Reciprocally, when the circumferential velocity (per second) is 
known, the number of revolutions per minute is found by means 

of the formula — 

__ VX60 

■" 3-14 X D ' 

or with the data of the preceding case, 

7-83 X 60 . ^^ , ^. . ^ 

N = -\-r7- — TT- = 75 revolutions per mmute, 
314 X 2 *^ 

When several spur-wheels or pulleys are placed on the same 
shaft, the circumferential velocity of every one of them is found in 
the same manner, by multiplying the number of revolutions by the 
respective circumferences, and dividing the products by 60. 

Example, — ^Three wheels or pulleys, a, b, c, are fixed on one 
shaft ; the radius of the pulley, a, is equal to 1*1 feet -, that of the 
pulley, b, 1-6 feet ; and that of the pulley, c, 2-15 feet ; and the 
shaft makes 12 turns per minute, — ^what is the circumferential 
velocity of these three pulleys ? 

For the pulley, a, we have — 

6-28 X M ?ii?^ 1-38 feet per second. 



V- = 



60 



for the pulley, b — 

6-28 X 1-6 X 12 



V* = 



60 



= 2 feet. 



and for the pulley, c — 

6-28 X 215 X 12 



V* == 



60 



2-7 feet 



DIMENSIONS OF GEARING. 

209. In designing tooth-gearing of all descriptions, it is necessary 
to determine — first, the strength and dimensions of the teeth ; 
second, the dimensions of the web which carries the teeth ; and, 
third, the dimensions of the arms. 

210. " The teeth of wheels,'' says Professor Rankine in his ex- 
cellent Manual of applied mechanics, " are made sufficiently strong, 
to provide against an action analogous to combined twisting and 
bending, which may arise horn the whole 

force transmitted by a pair of wheels hap- 
pening to act on one corner of one tooth. Let 
the shaded part in the annexed figure repre- 
sent a portion of a cross section of the rim 
of a wheel and let e h k p be the face of a 
tooth, on one corner of which, p, acts the 
force represented by that letter. Conceive 
any sectional plane, s f, to intersect the tooth from the side, 
E p, to the crest, p k, and let p a be perpendicular to that;^plane. 
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Let h be the thickness of the tooth, und let b F = 6, p o = L 
Then the moment of flexure at the section, b F, is p I, and the 
greatest stress produced by that moment of flexure at that section, is 

_6PJ 

which is a maximum, when the angle, p e f, rr 45% and b=i2 I, 
having then the value 

consequently, the proper thickness for the tooth is given by the 
equation, 



h 



=i/if 



This formula is Tredgold*8, according to whom the proper value 
for the greatest working stress,/, is 4500 lbs. per square inch, when 
the teeth are of cast-iron." 

211. Tlie following table will be found useful in calculating the 
thickness and pitch of the teeth of spur-wheels with reference to 
the power : — 

Table ofDimennons of the Teeth of Wheels, that will safely transmit 
a given Number of Horses^ Power at a given Velocity, 







IXoise • 


Horse 


Horas 


Hone 


Horse 


Pitches 


of Teeth 


Power St 


power at 


Power at 


Power at 


Power at 


to Inches. 


in Inches. 


S Feet per 


4 Feet per 


5 Feet per 


7 Feet yex 


U Feet per 

Second. 






BecoiKl. 


Second. 


Second. 


Second. 


4 


1-9 


19^ 


25-5 


32- 


45- 


70-5 


H 


1-6 


1476 


19 5 


245 


34-25 


64^ 


3 


14 


11- 


145 


18^ 


25 


39-5 


2J 


1-2 


7-5 


10- 


12-5 


175 


27-5 


2 


■95 


4-76 


6-25 


8- 


11- 


17-26 


If 


•83 


3-5 


6- 


6-25 


8-5 


13-5 


u 


•71 


276 


35 


45 


6-25 


10^ 


n 


•59 


2' 


25 


3125 


44 


6-8 


u 


•53 


1-5 


225 


25 


3-5 


6-5 


1 


•48 


12 


1-6 


2- 


28 


4-4 


a 


•41 


1- 


1-4 


1-75 


2-5 


3-8 


I 


•86 


•7 


•9 


1125 


1-5 


2-5 


■ 


•33 


•6 


•625 


•75 


!• 


17 




•24 


•3 


•4 


•5 


•7 


11 




•18 


2 


•25 


•3 


•4 


•6 


* 


•12 


0225 


•1 


■125 


•175 


•275 



The breadth of the teeth may be found by dividing the horse-power 
by the velocity of the wheel at the pitch circle per second in 
feet, and doubling the quotient. Thus the breadth of the teeth for 
a first mover from a sixteen-horse engine, the velocity of the wheel 
being eight feet per second, will be 

-- = 2x2 = 4 mches. 
o 

Another mode of calculating the breadth when the pitch is given, 

is so to adjust the former that there shall be one square inch in the 

teeth for each 160 lbs. of force transmitted by the teeth. The 

interval between two teeth measured on the pitch circle is usually 

made about one fifth wider than the thickness of the tooth on the 

same circle ; so that, if we suppose the whole space occupied by a 

tooth, and the adjoining interval to be divided into eleven parts, 

five of those parts will be occupied by the thickness of the tooth, 

and six by the adjoining interval. About one tenth of the pitch is 

allowed, as clearance, between the points of the teeth and the 

bottoms of the spaces between the teeth of the other wheel. 

DDCENSIONS OF THE WEB. 
212. The width of the web is ordinarily equal to that of the 
teeth when the whole is of cast-iron. Nevertheless, in some cases 



3, for example, where very great irregularities in the pres- 
sure and speed, and reiterated shocks have to be borne in the 
heavy machinery in engine shops — the web is made wider than the 
teeth, projecting also on either side of the teeth, so that these are 
wholly or partially imbedded, which increases their power of 
resistance very considerably. These lateral webs are generally 
each made of about half the thickness of the tooth. 

The thickness of the web, or crown, is never made less than 
three-fourths that of the tooth, and very frequently it is further 
strengthened by an internal feather, as already mentioned. 

When the teeth are of wood, the web is much thicker, to give 
sufficient hold to the tenons of the teeth (Par. 201) ; it is generally 
made about 1*5 to 2* times the thickness of the tooth. 

RUMBER AND DIMENSIONS OF THE ASMS. 

213. The number of arms, or spokes, which a spur-wheel ought 
to have, has not, up to the present time, been precisely and scien- 
tifically determined. According to general experience, up to a 
diameter of about three feet, four arms are sufficient ; from three to 
six or seven feet, six are necessary and sufficient ; beyond eight 
feet, eight arms are used ; and for sixteen feet, ten are given : it is 
seldom this last number is exceeded, except for wheels of extra- 
ordinary dimensions. 

The section of the arms of the wheel is always in the form of a 
cross, the stronger portion of which lies in the plane of the circum- 
ferential strain, whether these arms are cast in one piece with the 
boss and the crown, as is the case with wheels of small diameter — 
that is, of Fiich as have not a greater radius than six or seven feet ; 
or whether tlicy are cast in separate pieces, and afterwards fitted 
together. The thicker part, then, of the arm must be strong 
enough to bear the circumferential strain. Experience has shown, 
that when a spur-wheel is in motion, and acted upon by a con- 
siderable force, this strain has a tendency to make the arms assume 
a twisted shape, and produce on them a lateral inflexion. It is to 
obviate and prevent this, that the arms are strengthened by 
feathers. 

The power acts with greatest effect near the boss of the wheel, 
so that it is necessary to make them wider at this part than near 
the crown, so as to approximate to the form which presents an equal 
resistance throughout. This will be observed in the figures in 
Plate 20. The boss must have such a thickness as will allow of 
the wheels being solidly fixed on the shaft. A thickness of five 
inches may be considered a maximum for the bosses of moderately- 
sized wheels. The dimensions of the arms should be in proportion 
to the width of the web or crown, their thickness being ordinarily 
about one third that of the crown or web. This proportion is a 
good one for wheels under six or seven feet in diameter. For 
larger sizes, one-fourth the width of the web is considered sufficient. 
The lateral feathers should have, at the very most, only the 
thickness of the arm. Generally, the width of the arm near the 
web is made about two-thirds of its width near the boss. 

WOODEN PATTERNS. 

214. When a casting has not to be turned, or otherwise reduced, 
about 1 per cent, must be allowed in the dimensions of the pattern, 
and if the piece has to be turned, a little more than this. It is, 
however, impossible to give any rule in this last case, as the 
allowance to be made depends entirely upon the nature and destina- 
tion of the piece. The larger the piece, the greater should be the 
per centage given. 
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No piece can be cast with mathematical precision. Sometimes 
the pattern loses its true shape, and lines, which have been made 
perfectly straight or circular, become twisted, notwithstanding that 
every precaution has been taken in perfecting it ; and sometimes in 
lifting it from the loam, the moulder is forced to move it laterally, 
to some slight extent, so that the casting becomes larger at one 
part, or twisted at another. Moreover, the metal does not shrink 
equally at all parts. With regard to the last-mentioned source of 



error, it has often been found that the diameter of a wheel, 
measured through the line of the arms, is sensibly less than as 
measured across the centres of the spaces between the arms. This 
difference is indeed so great, tiiat in wheels of 10 to 15 feet diameter, 
it reaches an eighth or a sixth of an inch. 

It is manifest, that all these considerations most be borne in 
mind when constructing wooden patterns for castings; otherwise, 
errors of considerable magnitude will arise* 



CHAPTER Vin. 

CONTINUATION OF THE STUDY OF TOOTHED GEAB. 



COKJCAL OR BEVEL GEARING. 



215. Cylindrical or spur-wheels are only capable of transmitting 
motion between shafts which are parallel to each other. When the 
shafts are inclined, or form any angle with each other, the wheels 
require to be made conical, and are then called bevel- wheels. 

In order that this description of gear may be capable of working 
well and regularly, and of transmitting considerable power when 
needed, as with spur gear, it is essential that the shafts or axes of 
any pair working together be situated in the same plane ; in this 
case, the axes will meet in a point which is the apex common to 
the two wheels. 

Formerly, when it was required to transmit power through shafts 
intersecting each other at right angles, a species of lantern-wheel 
was employed for one of the wheels, consisting of a couple of discs 
with cylindrical bars for teeth, passing from one to the other par- 
allel to the axis ; and the wheel to gear with this one was formed 
with similar teeth, also parallel with the axis, but projecting up 
from a single disc or ring. This form of gearing is still to be found 
in old mills; but it is very defective, and very inconvenient when 
any speed is required. 

Sometimes, as for particular kinds of spinning machinery — the 
cotton-spinner's fly or roving-frame, for example — ^bevel-wheels are 
used, in which the axes are not situated in the same plane ; these 
are termed " skew bevels," and the pitch surface is hyperboloidal. 
This kind of wheel does not work well, and is seldom employed, 
except where the size is very small, or where a small power only 
has to be transmitted ; the peculiar form of their teeth, also render 
them very difficult to construct. Their use is so limited, that 
further details respecting them are uncalled for. Indeed, they ought 
rather to be avoided, since there are very few cases in which 
common bevel wheels cannot be substituted for them with 
advantage. 

The teeth of bevel-wheels are made of wood or metal similarly to 
four-wheel teeth, and their geometrical forms are detwmined on the 
same principles. 

DESIGN FOR A PAIR OF BEVEL-WIIEELS IN GEAK, 
PLATE 22. 

216. We propose, in the present example, to give the larger 
wheel wooden teeth, and the smaller ones cast-iron ones, as was 
done with the pair of spur-wheels last described. 

Let A B and a c. Figs. 1 and 2, be the axes of the two wheels 
assumed here to be at right angles to each other ; though we must 
observe that what follows will apply equally well to the construc- 



tion of a couple of wheels, the axes ef which make any angle with 
each other, acute or obtuse. 

It is, in the first place, necessary to determine the position the 
pitch circles should occupy on their respective axes. With this 
view, on any point, b, taken on the axis, a b, erect a perpendicular, 
B D, and make it equal to the radius of the smaller wheel, and 
through the extremity, D, draw a line, d l, parallel to this axis ; in 
the same way, at any point, E, taken on the axis, a c, erect the 
perpendicular, e f, equal to the radius of the larger wheel, and 
through the extremity, f, draw f h parallel to a c. The point of 
intersection, o, of these two lines, F h and D L, is the poiut of con- 
tact of the two pitch circles, the radii of which are o i and o k. 
Make i h and k l, respectively, equal to the radii, and join the 
points, H o L, to the common apex, a, thereby determining what 
are termed the " pitch ** cones, a h g, and a o l, of the two wheels, 
the generating straight iine, a o, being the line of contact of the 
two cones. These pitch cones possess the same properties as the 
pitch circles, or, more correctly, pitch cylinders, of spur-wheels; that 
is to say, their rotative velocity is in the inverse ratio of their 
diameters, and their diameters are proportional to the respective 
numbers of their teeth. 

The proportions of the pitch cones being thus obtained, with the 
centres, o and o\ Figs. 2 and 3, taken on the prolongation of the 
given axes, describe the pitch circles, a H* i* and o^ k* l*. Divide 
these circles into as many equal parts as there should be teeth ; 
that is to say, in the present case, 24 and 48, respectively, which 
operation will give the pitch ; each part is then bisected to obtain 
the centres of the teeth and of the intervals, arid on each side of the 
centre lines are set oflf the demi-widths of the teeth, r^ard being 
had to the difference to be made between the wooden and cast-iron 
teeth, as already explained (Par. 201.) 

The external contours of the teeth will be situated in cones^ the 
generating lines of which are perpendicular to those of the pitch 
cones •, they are obtained by drawing through the point of contact, G, 
on the line, a o, a perpendicular, b o, meeting the axis of the smaller 
wheel in B, and that of the larger one in c ; the points, b and c, are 
the apices of the two cones, 3 H g and c g l. 

If these last-mentioned cones be developed upon a plane, it will 
be easy to draw upon it the exact forms of the teeth. Now, we 
have seen (Par. 167), that the development of a cone on a plane 
surface takes the form of a sector of a circle, which has for radius 
the generatrix of the cone, and for arc the development of the base 
of the cone. As it is unnecessary to develop the entire cone in the 
present case, it is sufficient to describe vith any point, b* Fig. 4, 
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with a radius equal to B o, an arc, a cb, on which, starting from 
the point, c, are divided off distances — one, c e, equal to the thick- 
ness of the tooth of the smaller wheel. Fig. 3, and the other c d, to 
that of the tooth of the larger wheel, Fig. 2. The same operation 
is performed for the larger wheel; that is, with the point c*> 
situated on the prolongation of b^ c, and with a radius equal to c a, 
describe the arc, / c y, on which are measured the distances, re- 
spectively, equal to the former ones, c c, and c d. 

This done, the outlines of the teeth are obtained hj means of 
precisely the same operations as those explained in reference to the 
spur-wheels. Thus, on the radius, B^ c, considered as a diameter, 
describe a circle, t c/, which, in rolling round the circle,/ c y, con- 
sidered as the pitch circle of the larger wheel, determines the epicy- 
cloid, c h, which gives the curvature of the teeth of the larger wheel ; 
in the same manner, the circle, k cl, described on the radius, c cS 
as a diameter, and rolling round the circle, ac bj gives the epicy- 
cloid, c m, which is taken for the curve of the teeth of the smaller 
wheel. After having repeated these curves symmetrically on each 
side of the teeth, these are limited by drawing chords in the gene- 
rating circles from the point, c, each equal to the pitch of the teeth, 
^ en, e k, and then with c* and b* as centres, describe circles 
passing, one just outside the point, n, and the other just outside 
the point, k ; and to indicate the line of the web, describe a second 
couple of circles, nearly tangents to the preceding. Then project 
the points, o and p^ which indicate the depth and extremities of 
the teeth, over to the line, b c, in o* and j^ ; through these last draw 
straight lines to the apex, a, which will represent the extreme 
generating lines of the teeth, as in vertical section. 

As all the teeth converge in one point, it is obvious that the con- 
tour of the inner ends of the teeth cannot be the same as that of the 
outer ends ; the difference is the greater, according as the width, o r, 
on the generating line of contact is itself greater, in proportion to 
the entire cone, and to the greater or less angle formed by the ex- 
treme generatrices. In other respects, this contour is determined 
in the same manner as the first. Thus, through the point, r, is 
drawn the straight line, « /, perpendicular to a o, which cuts the 
two axes, and gives the proportions of the two cones, on the surface 
of which lie the contours of the inner ends of the teeth. Continuing 
the operation as above, portions of the cones are developed, arcs 
b^jing described with the points, «* and <*, as centres, and radii, equal 
to r * and r t. The diagram. Fig, 5, which is analogous to Fig. 4, 
fully explains what further is to be done. 

What has been said, so far, has referred only to one tooth of each 
wheeL In proceeding with the execution of the design, after cutting 
out templates to the form of the teeth as obtained by means of 
them, the outline is repeated, as often as is necessary, on the ex- 
ternal cones, the generating lines of which are b g and g c, for the 
outer ends of the teeth, and on the internal cones, the generating 
lines of which are r « and r t, for the outlines of the inner ends of 
the teeth. At the same time, and in order that the operation may 
be performed with regularity, a series of lines should be drawn 
through the points, o, /?, of the two wheels lying on the surface of 
the external cones, a h G, a g l, and uniting at the apex, a, by 
means of a ''false square," of a form analogous to that represented 
at X, in Fig. 3, Plate 23, for the smaller wheel, and like that repre- 
sented at T, Fig. 4, of the same Plate, for the larger wheel. 

The forms of the teeth being thus obtained, the partial section, 
Fig. 1, of the two wheels is drawn, the radii of the shafts being 
<riven, as well as the thickness of the bosses and webs, the propor- 
tions employed in the present example being indicated on the 



drawings. It will be observed that those teeth which are of wood 
are adjusted in the web of the larger wheel, in the same manner as 
in the spur or cylindrical wheels, the forms of the tenons being 
modified, so that their sides all incline to the common apex, a. 
The sections, together with the developments, Figs. 4 and 5, are 
sufficient for the purposes of construction, as all the required mea- 
surements can be obtained from them ; but when it is desired to 
produce a complete external elevation of the two wheels, it will be 
necessary to find the projections of the teeth and other parts. 
With this view, the teeth are first actually drawn upon the planes 
of projection parallel to the bases of the wheels, as shown in Figs. 
2 and 3. It will be recollected, that divisions have already been 
made on the pitch circles, a h» i*, and l* k* g\ indicating the centre 
lines, as well of the teeth as of the intervals, and marking the 
positions of the flanks ; and, consequently, all that remains is to 
draw the external outlines and the curved portions. For the smaller 
wheel, the operation consists in projecting to p^ in Fig. 3, the 
point, p. Fig 1, which limits the lower and outer edge of the tooth, 
and in describing with the centre, o, and radius, o p^^ a circle 
limiting the whole of the teeth externally, and corresponding to the 
section of the cone in which the points, p p\ Fig. I, lie. In this 
circle, also, terminate the curves of the outer portions of the teeth, 
and their exact points of intersection are obtained by measunng on 
each side of the centre lines, v* o, distances, v* t«*, v» ^», equal to 
the corresponding distances, vu^vp, in Fig. 4. Then, through the 
points, M» j>S draw a series of lines, converging to the oentre, o ; and 
through the points, e, e, found in a similar manner, draw similarly 
converging lines, indicating the inner angles of the intervals. 
Further, find the circular arc to represent the epicycloidal curve, 
passing through the points, u*, p^, and tangential at the same time 
to the lines, o e, at the points, «, e. 

The mode of doing this is shown in Fig. 6 : it consists in draw- 
ing through the point, e, a line, e z, at right angles to the radius, 
o e, and in bisecting the chord, e^ «*, by a perpendicular cutting, 
f z in 2, which will be the centre of the required arc. Arcs of the 
same radius, e z, are employed for the curves of all the teeth on the 
smaller wheel, and the outline of these is completed by determining, 
in a similar manner, the arcs for the corresponding curved portions 
of the inner ends of the teeth, after having projected and drawn 
circles through the points corresponding to r and p\ of Fig. 1. 
Finally, the lines of the web between the teeth — that is, the bottom 
lines of the intervals — are drawn, the projections of the points, y 
and y\ being found, and circles described with the centre, o, passing 
through them. It will be observed that, on a portion of Fig. 3, is 
represented a view of a quarter of the lower and inner side of the 
wheel, whilst the other portion of the figure is an external view, 
showing the teeth as in plan ; in the former case, the outline re- 
sembles that of a spur-wheel, for, as it is the larger ends of the 
teeth and web on which we are looking, the narrower and inclined 
portions are hid behind. 

. The lateral projection of the teeth of the small wheel, Fig. 1, is 
obtained, first, by successively projecting or squaring over, from 
the plan, Fig. 3, the points, «, e, to the pitch line, g h ; and secondly, 
by similarly squaring over the points, />, p^ to the external line, ppK 
Through the points, e, e, draw a series of lines converging at the 
apex, B, and representing the flanks of the teeth, and limited by 
the line, y y : the^ draw curves tangential to these flanks at the 
points, u, p, making them pass through the extreme points, e, e. 
Where the scale of the drawing is very large, and it is wished to 
be particularly precise in delineating these curves, points inter- 
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mediate between «, p, and e, e, may be obtained by describing 
intermediate cirdes in Fig. 3, representing sections of the oane» 
projected in straight lines in Fig. 1, over to which are projected the 
points of intersection of the cnrres, with the drdes in Fig. 3. 
Through the points, «, p, draw straight lines, converging in the 
apex, A, and find the lateral projection of the inner ends of the 
teeth, supposing planes to pass through the points, r, y\ and p^ ; 
these points in the circular projection of the planes, Fig. 3, being 
squared over to the corresponding rectilinear projections in Fig. 1. 
The inner ends of the teeth are then completed by drawing the 
flanks, e> jfS all converging in the apex, i, and joined by ares 
passing through the points, «*, p\ 

The upper left-hand quadrant, v, of Fig. 2, is a face view of the 
teeth of the larger bevel -wheel, with wooden teeth, the whole being 
drawn in the same manner, as Fig. 3. The method of finding the 
centre, z, of the arc, which is substituted for the curved portion of 
each tooth, is shown in Fig. 7. From this view, Fig. 2, are obtained 
the various points required to produce the lateral projection of the 
teeth in Fig. 1. The operations are precisely the same as those 
just described in reference to Fig. 8, and the smaller wheel ; the 
same distinguishing letters are also used to point out the similarity. 

The same Figure (2) .also comprehends at K a second quadrant 
of the wheel, drawn as seen from the under side, so as to show a 
face view of the tenons of the wooden teeth, the sides of which all 
converge in the point, o^ A third quadrant, p, gives a view of the 
outer side of the web or crown, the teeth being supposed to be 
removed, so that the mortises are seen. The last quadrant, b, gives 
a back view of the web, also without the teeth. 

Fig. 8 is a section of one of the arms of the larger bevel- wheel, 
made through the line, 1 — 2, in Fig. 2. Fig. 9 is a section of the 
web made through the line, 3 — 4, Fig. 2 passing through the centre 
of the mortise ; and Fig. 10, comprehends a lateral projection and 
two end views of one of the wooden teeth. 

Bevel, as well as spur-wheels, are fixed on their shafts by means 
of keys, and pressure screws, v, are often added to insure their 
perfect adjustment centrally. 

THE CONSTBUCTION OF WOODEN PATTEKNS FOR A PAIR OF 
BEVEL-WHEELS. 

PLATE 23. 

217. The observations we have already made with reference to 
the patterns of spur-wheels, are evidently equally applicable to the 
construction of patterns for bevel-wheels ; still, at the same time, 
the difference in the form of the latter calls for further details, 
more especially apertaining to them. 

PATTERN OF THE SSfALLER BEVEL- WHEEL. 

218. Figs. 1 and 2 represent the two projections of the pattern 
of the smaller of the two wheels in the preceding Plate. Fig. 3 
is a vertical section through the line, 1 — 2, of Fig. 2, showing on 
one side the layers of wood put roughly together, and intended to 
form the crown ; and on the other, a view of the same as finished, 
with the arm and its feathers. 

It will be seen from these figures that the crown is built up in 
the same manner as that of the pinion in Plate 21 ; the layers of 
wood are, however, in steps, increasing in diameter downwards, so 
as to give the required conical form when turned. When these 
pieces are glued together, the whole is turned externally and in- 
ternally in such a manner as to conform exactly to the full-sized 
drawing, previously made on a board planed smooth for the pur- 



pose. "Squares," also, should be made from the drawings, to 
serve as guides in producing the correct conical inclination. 

After turning the top face, 6* b\ perpendicular to the axis of the 
cone, the pattern-maker proceeds to turn the external conical sur- 
face, a* 6>, of the web or crown. As a guide in doing this, he takes 
a ** false square,'' t. Fig. 4, of which one side, b b, corresponds to 
the plane faoe, &> ft*, and the other, a &, to the inclination of the 
conical, generatrix, a* 6> : it is very easy with this to take off just 
as much of the wood as is necessary, without the liability of going 
too far. It is also necessary to determine the inclination of the 
generatrix, b a^ of the outer cone, perpendicular, it will be recol- 
lected, to the contact generatrix, a r, by means of the square, x, 
Fig. 3, the side, a 6, of which is applied exactly to the conical sur- 
face, a^ b^f and the side, a c^ then gives the inclination of the conical 
surface, a^ c^ ; a similar square, made from the full-sized drawing, 
to suit the angle, a* 6* s, and reversed, end for end, vrill give the 
inclination of the internal conical surfioce, b^ d^, the generatrix of this, 
the smaller cone, being $ r, parallel to a o, that of the larger one. 

Finally, the thickness at a} c* and b^ d^y is measured on the 
wooden web, so as to obtain the proportions of the internal conical 
surface, c^ d^, to be turned out in a similar manner. 

The pattern being so far advanced, the external conical surface 
is divided into as many equal parts as there are to be teeth and in- 
tervals, and, with the assistance of the " false square," t, lines 
which represent generatrices of the cone, are drawn through the 
points of division to indicate the positions of the teeth or of the 
grooves to receive them. 

Each tooth is cut out separately according to the full-size draw- 
ing made, as already mentioned, which, besides containing the 
vertical section, Fig. 3, should also show the exact form of each 
end of the tooth, b, and of the dovetail joint attaching them to the 
web. Fig. 6 shows a portion of this drawing for the laiger ends 
of the teeth. 

Mortises have now to be cut in the crown to receive the ends of 
the arms, c, and their feathers, e. As the wheel under consider- 
ation is of very small diameter, the number of arms is limited to 
four ; these arms are so placed inside the crown that the feathers, 
are all on one side, and towards the wider end of the cone. Their 
attachment to the web is by means of a circular groove or mortise, 
seen at e^fi Fig. 2, and at g^ d^, Fig. 3, and they are united at tlie 
centre to each other and to the boss, in the same manner as the 
arms of the pinion, described in reference to Plate 21. The arms 
are not placed in the middle of the boss, as in the spur-wheel and 
pinion, but are simply applied to the base of the boss, which may, 
consequently, be of a single piece ; and the feathers are let into a 
groove extending their whole length, and are fixed into the boss and 
crown at either extremity. The boss is slightly coned, so as to 
give the ** draw" necessary in the construction of the mould. Its 
outer edges are indicated by the lines, mn, m n, whilst the other 
lines, p, which are, on the contrary, parallel to the axis, show the 
depth of the grooves cut to receive the feather arms, b. These last, 
as shown in the section. Fig. 10, and taken on the line, 3, 4, Figs. 
2 and 3, are thickest near the face arms. 

The core pieces, F, are added on either end of the boas, and the 
whole is held firmly together by means of a central bolt. 

PATTERN OF THE LARGER BEVEL WHEEL. 

219. Figs. 6 and 7 represent the elevation and half plan of the 
pattern of the larger bevel wheel, with wooden teeth, represented 
in Plate 22. Fig. 8 is a vertical section through the axis of the 
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vbeel, token on the line 5, 6, Fig. 7 ; showing on one side the 
arrangement of the pieces of wood huilt up upon one another, aod 
forming the crown or weh, A, and on the other side, the same piece, 
turned and finished, attached hy the arm, c, to the hoss, d. 

Fig. 9 represents the false square, t, employed as a guide for 
giving the proper inclination to the external conical surface, a^ h^, 
of the crown. 

Fig. 11 is a transverse section of one of the anns, or spokes, taken 
through the line, 7, 8 ; in Figs. 7 and 8. 

Whatever explanations are called for regarding the construction 
of the crown, A, the arms, c, and the boss, d, as well as the uniting 
of these parts with each other, have already been given in reference 
U preceding examples. We have distinguished all the correspond- 
ing parts and working lines by the same letters. 

The only difference between this last and the preceding example, 
consists in the disposition of the tooth pieces, or prints, bS placed 
on the outside of the crown, to form the sockets in the mould for 
receiving the core pieces for the mortises, into which the wooden 
teeth are to be fixed after the wheel is cast. 

It must be observed, in the first place, that these projections 
must be shaped so that the end, h /, is inclined to the surfacie, h^ a\ 
instead of being perpendicular to it. This inclination must be 
sufficient to allow of the easy disengagement of the piece from the 
mould. This disposition is necessary, because the lower half of 
the mould takes the impression of the outside of the crown, with 
the tooth pieces and the upper portions of the arms, whilst the top 
part of the mould tokes the inside of the crown, the feathers of the 
arms, and the boss, the position of the whole being the reverse of 
that in which they are represented in the drawing. 

The core pieces for forming the mortises to receive the teeth are 
made by the moulder in core boxes, similar to those described in 
refereTioe to Figs. 10 and 11, Plate 21, which we have reproduced 
in Plate 23, Figs. 12, 13, and 14, as modified to suit the different 
form of tooth. Fig. 12 is a face view, and Figs. 13 and 14 are 
sections made through the lines 9, 10, and 11, 12, of Fig. 12. It 
will be observed, that, at the larger end of the tooth, the part to 
project is formed with an inclination corresponding to iS; 2, in Figs. 
7 and 8, already referred to as required in this case. 

The operations called for in delineating these patterns are all 
fully indicated, and are analogous to those in the preceding plates. 
The observations, also (Pars. 151 and 202), already made, with refer- 
ence to calculating the allowance to be made for shrinking, and for 
the turning and finishing processes, are equally applicable to the 
case before us. 



INVOLUTE AND HELICAL TEETH. 

PLATE 24. 

DELINEATION OP A COUPLE OF SPUR-WHEELS WITH INVOLUTE 

TEETH. 

FlOUBES 1 AND 2. 

220. In the various systems of gearing just discussed, wherein 
epicycloidal teeth have been employed, it will have been observed — 

Ist. That the outline of the teeth of one wheel depends on the 
diameter of the other wheel with which it is in gear. 

2d. That the distance between the centres of any couple of 
wheels cannot be altered in the slightest degree without deteriorat- 
ing the movement. 

3d. That the distance from the respective centres of the point 
of contact varies throughout the duration of the contact ; from 



which must obviously result irregularity in the action and inequa- 
lity in the amount of friction. 

The practical defects arising from these causes have induced a 
search after other forms, and amongst these a modification of the 
involute has been tried. The form in question possesses the 
following advantages : — 

Ist. The form of the teeth of such a wheel ia quite indepen- 
dent of the diameter of the wheel with which it is in gear. 

2d. The distance between the centres of the wheels may be 
varied without disadvantage. 

Some authors also attribute to this form the property of trans- 
mitting the pressure uniformly throughout the duration of the 
contact. This, however, cannot be the case altogether, for the 
distance of the point of contact from the centres of the wheels is 
constantly varying — the variation not being accurately proportional 
in the two wheels. This system of gearing is constructed on the 
following principles : — 

Let o and o* bo the centres of a wheel and pinion, given in face 
view, Fig. 1, the radii, o A and a o^ of the respective pitdi circles 
being given ; also, let o b be the radius of any circle described with 
the centre, o ; to the circumference of this last draw a tangent, A b, 
passing through the point. A, and prolong it indefinitely in either 
direction. From the centre, o*, let fall on this line a perpendicular, 
o^ c, on which will accordingly be the radius of a second circle 
tangent to the same line. These circles of the radii, o b and o^ c, 
are those from which are derived the involute curves, a h and c d^ 
forming the outline of the teeth. For the rest, the wheels are 
drawn just as in Plate 18 (Par. 185). 

It must be observed that the curve, a b, which is the involute of 
the circle of the radius, o B, is that for the tooth of the spur-wheel, 
the centre of which is the same and the radius, o a ; and, in like 
manner, the curve, e dj the involute of the smaller circle, is that for 
the teeth of the pinion of the radius, o* A. It thus follows that 
the form of the teeth of the spur-wheel is quite independent of the 
diameter of the pinion, whilst that of the pinion teeth is indepen- 
dent of the diameter of the spur- wheel From which it follows, that 
wheels constructed in this manner may be set to gear with any wheels 
whose teeth are formed on the same principle, and whose pitch is the 
same, whatever may be their respective diameters. The epicy- 
cloidal system does not admit of this, although, when the wheels 
are large, and there is not much difference between their diameters, 
a slight deviation from strict mathematical proportions is not found 
practically inconvenient. 

The involute curves, a h and c (7, are repeated symmetrially on 
either side of the division lines representing the centre lines of the 
teeth. If we now suppose the two involutes, a 6* and a e* to be in 
contact at the point, a, on the line of centres, o o*, and we measure 
off on the common tangent, a B, a distance, a «, equal to the pitch, 
fffj as measured at the pitch circle, and then, with the centre, o^, 
describe a circle passing through the point, e, this circle will be the 
external limit of the pinion teeth. 

In like manner, if, on the other portion, a o, of the tangent, we 
measure a distance, a ei, also equal to the pitch, / g, and with the 
centre, o, describe a circle passing through the point, e\ it will be 
the limit of the spur-wheel teeth. It is further obvious, that circles 
passing a little within the point, e\ on the one hand, and «, on the 
other, will determine the depth of the intervals, or the tine of the 
web of the pinion and spur-wheel respectively. 

Fig. 3 is a diagram to show — first, how that the point of contact 
of the two involute curves is always in the tine of the common 
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tangent, b c. Thus, referring again to Fig. 1, and supjwsing the 
pinion to turn in the direction of the arrows, the point of contact, at a 
of the involute, a b\ is gradually removed away from the centre, o«, of 
the pinion, whilst it approaches nearer and nearer to the centre, o, 
of the spur-wheel. Returning to Fig. 3, it is shown, in the second 
place, that the distance l)ctween the two centres, o, o\ may be 
varied without its being necessary to alter the curves ; but, in such 
case, the inclination of the tangent will be different, becoming, for 
example, as b c*, when the two centres are brought nearer together. 

In practice, instead of determining the radius, o b, arbitrarily, 
and then deriving the other radius, o c, from it, or rice versa, the 
circles which serve for generating the involutes may he found, as 
well as the inclination of the tangent, by the following method ; — 
On one of the pitch circles, that of the pinion, for example, take an 
arc, A »*, equal to the pitch of the teeth ; draw the radius, o» i, and 
on it let fall a perpendicular, a wi, from the point, a ; o tn will then 
be the radius of the generating circle for the involute curve of the 
teeth of the pinion, and by prolonging m a to n, which is, in fact, 
the common tangent, and drawing the radius, o n, perpendicular to 
it, or, what, is the same thing, parallel to o* m, on will be the 
radius of the generating circle for the involute of the teeth of the 
spur-wheel. 

If this rule is applied to wheels of large diameters, it will give 
curves differing very slightly from epicycloids. 

By taking for the generating circles, as in the first case, radii, o b 
and o» c, sensibly less than the radii of the pitch circles, the inclina- 
tion of the common tangent to the line joining the centres is greater, 
and the resulting form of tooth possesses greater proportionate 
width and strength at the roots, which is desirable for gearing 
intended to transmit great or irregular strains. 

It will be observed further, that, according to this syetem, the 
rectilinear portion of the flank of the tooth is almost reduced to 
nothing, indeed the curve may be continued down to the line of the 
web with advantage, as the tooth will, in consequence, be much 
stronger near the web, which is not the case with the epicycloidal 
teeth, for in these the flanks all converge towards the centre of the 
wheel, and the tooth is, in consequence, narrower at the neck, close 
to the web, than at the pitch circle. 

Fig. 2 is a fully shaded elevation, or edge view, at right angles 
to Fig. 1, of the spur-wheel separated from the pinion. The por- 
tions of these wheels not particularly referred to, are constructed on 
the same general principles as those previously discussed. 

HELICAL OEABINO. 
FlOUREB 4 AlfD 5. 

221. If to a worm-wheel we apply, instead of a worm, a pinion 
with teeth helically inclined to correspond to the similarly inclined 
teeth of the worm-wheel, we shall have a spur-wheel and pinion 
constnicted on the helical principle. 

This system, invented in the seventeenth century by Hooke, 
but reproduced since by White and others, claims to possess two 
properties which have been often thought to be incompatible with 
each other — namely, uniformity of angular velocity, and freedom 
from other than rolling friction between the teeth. In other words, 
the arcs described by driver and follower will be equal in equal 
times, and the contact between the teeth will resemble that of 
circles rolling on planes. 

Added to these properties, and consequent to them, are the ad- 
vantages of a constant contact, and of an insusceptibility to the 
play between the teeth, which invariably exists more or less pal- 



pably in gearing constructed according to the systems before 
described. 

The form of the helical teeth, as taken in a sectional plane at 
right angles to the axis of the wheel, may be derived either from a 
couple of epicycloids, or a couple of involutes ; it is only the sides 
which, in common spur-gearing, are parallel to the axis that here 
follow the inclination of a succession of helices coming in contact 
one after the other. The arrangement is such that the contact of 
each tooth commences at one side of the wheel and crosses over 
to the other, and does not cease until the following tooth shall 
have commenced a fresh contact. 

The helicoidal system may he applied cither to wheels having 
their axes parallel, as spur-wheels, or intersecting, as bevel-whceL?, 
or again inclined, but not intersecting, as skew bevels. 

In Figs. 4 and 5 are represented, in face and edge view, a spur- 
wheel and pinion, constructed according to this system of Hooke's, 
this being its simplest and most common application : — Let a o and 
A* o be the radii of the respective pitch circles of the two wheels, 
these radii being, of course, in the same ratio as the numbers of 
the teeth, as in common gearing. The radii are supposed to lie 
in a vertical plane, b* c*, and it is on this plane, as turned at right 
angles, that the operations represented in Fig. 4 are supposed to be 
performed. 

These operations have for their object the obtainment of the 
outline of the teeth, and are precisely the same as for any other 
epicycloidal system of gearing. Thus, the curves, a b and a c, 
are derived from the generating circles, o d a and a d* o\ as also 
the flanks, a d and a e; but it is unnecessary to repeat a detailed 
explanation of the operation. 

Supposing, then, the outline of the teeth to be drawn as on the 
plane, b» c», representing say the anterior face or base of the wheels, 
next draw the line, e f, Fig. 5, representing the opposite face, and 
parallel to the first, limiting also, the breadth of the wheels. 

To proceed methodically, the teeth should also be drawn as seen 
on this plane, e r being behind the outlines of the anterior ends of 
the teeth, a distance equal to A A^ or rather more than the pitcL 
These last outlines need only be represented in faint dotted or 
pencil lines in Fig. 4, as the parts they represent are not actually 
seen in that view when complete. Thus, starting from the point, 
A*, on the pitch circle of the spur-wheel, and from the point, o*, 
on the pitch circle of the pinion, we repeat the contours of the 
teeth, as obtained at e a t and (/An, respectively. 

As the result of this disposition, it will be observed, that if the 
curve, A t, of the tooth, a, of the spur-wheel is in contact, at the 
pitch circle, with the flank, o d, of the tooth, G, of the pinion at 
the anterior face, b* c*, and if the wheels be made to turn to a cer- 
tain extent in the direction of the arrows, the curve, A» i*', on the 
opposite face, e f, will in time be found to be in contact with the 
corresponding flank, o* rf\ of the pinion. In other words, if the 
space between the curves, A i and a* t>, be filled up by a helicoidal 
surface, as also the space between the flanks, g d and g* d^. aU the 
points of one such surface will be in contact successively with the 
corresjwnding points on the other; so that when, for example, the 
curve, A I, shall have reached the position, a" t- ; that is, when it 
shall have passed through a distance equal to a a*, the i^osterior 
curve, A» •», will have assumed the position held originally by a * ; 
or rather, a position directly behind this in the plane passing 
through the axis, and the point of contact between a* »» and g* rf» 
will then obviously be in the line of centres, o o*, on the plane, f e. 
It thus follows, that any two teeth which act on each other will be 
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constantly in contact on the line of centres throughout a space equal 
I to A A>. This space, a a^ is, as hefore stated, somewhat greater 
I tbftD the pitch of the teeth, so as to allow a following couple of 
' teeth to act on each other, and be in contact on the line of centres 
before the couple in advance shall be quite free, and thus a constant 
I contact on the line of centres is preserved throughout the entire 
' revolution. 

In order to delineate the lateral projection. Fig. 5, it will be ne- 
cessary to find the curves which form the outline of the helicoidal 
surfaces of the teeth. The principle, according to which this is 
to be done, is precisely what has already been explained (196). In 
the present case, however, as we have but fragments of helices to 
dnw, in place of finding the pitch of the helix, and then dividing 
it and the circumference proportionately, it will be suflBcient to 
divide the width, B^ E, of the wheels, into a certain number of 
eqtial parts; and through the points of division, to draw lines 
parallel to b* c*. Further, the arcs, A a*, e e*, • t>, must be divided 
into a like number of equal parts. 

To render the diagram clearer, these divisions are transferred 
to 1, 2, 3, 4, &c., and 1\ 2», 3S 4», &c.. Fig. 4. Each point, 1, 2, 3, 4, 
being sqaared over, in succession, to the corresponding lines in 
Rg. 5— namely, the lines of division first obtained, and lying 
parallel to the faces of the wheels, the operation will give the 
curve, 1, 3, 5, 6, in Fig. 6, corresponding to the outline of the ex- 
ternal edge, extending from i to ti. The similar curve, 1*, 3*, 5*, 6^ 
gives the other edge,jj^. It is also obvious that the line of junction 
of the tooth with the web will be represented by the helical curve, 
a a\ Fig. 5, having the same pitch as the last, but lying on the 
cylindrical surface of the web, which is smaller in diameter by twice 
the depth of the teeth. 

The lateral projections of all the teeth are determined in the same 
manner, bat they will, of course, assume various aspects, from the dif- 
ferent positions in which they lie with respect to the vertical plane. 
222. In construction, in order to determine the exact inclination 
of the teeth, the following proportional formula is employed. The 
four terms of the formula being, the radius of the wheel, its width, 
the given circumferential distance, corresponding to A a\ and the 
pitch of the helix; that is, A A» ; A o : : B> B : sc; x being the heli- 
/' cal pitch for the spur-wheel, or the quantity sought. It may be 
obtained geometrically, simply thus : — Make the straight line, M n. 
Fig. 6, equal to the arc, A a*, as developed; at the extremity, N, of 
this line, erect a perpendicular, n l, equal to the width, b* e, of 
the wheels ; join L M, which will give the mean inclination of the 
tooth, corresponding to the pitch circle. Then make N I equal 
to the arc, » t*, rectified, and n j equal to the arc, e e\ rectified, 
which will give the inclinations, l i and l j, of the helices, passing 
through the extremity, t, of the tooth, and the line, e, of junction 
of the tooth with the web. 

It will be understood that the helices of the pinion-teeth will 
have the same inclination as those of the spur-wheel teeth, with 
which it is in gear, and the helical pitch is, in consequenoe, differ- 
ent ; for, the radius is smaller, and the corresponding proportional 
formula becomes A a' or A o* : A o> : : b^ e : x. 

The motion of wheel- work, constructed according to the helical 
system, is remarkably smooth, and free from vibratory action, but 
it has the defect of producing a longitudinal pressure upon the 
axes, from the obliquity of the surfaces of contact to the plane of 
rotation. This, however, may be obviated, and the longitudinal 
action balanced, by making the wheels duplex ; that is, as if two 
wheels, on each axis, were joined together — the inclination of the 



helices being in contrary directions, or right and left handed. 
Such wheels, though duplex, need not be wider or thicker, in pro- 
portion, than simple ones ; for the arrangement would permit of a 
much greater obliquity of the teeth, the only limit, indeed, to the 
degree, being the tendency to jam, which would arise were the 
inclination very great. 

When the wheels are placed on axes which are inclined to each 
other, as in common bevel-wheels, the helices become such as are 
described upon conical surfaces, and require to be drawn in the 
manner already shown (171), the form of the tooth being previously 
determined, for each end, by means of the developed planes of the 
opposite faces of the wheels. 

223. Besides the epicycloid and involute and their various com- 
binations, other and more complex curves have at different times 
been proposed for the forms of wheel teeth. The most worthy of 
notice amongst these is that derived from the '* hour-glass" curve, 
the properties of which have lately been investigated in a very 
scientific manner by Professor Sang of the Imperial School at 
Constantinople. 

If a couple of discs, with their pitch circles touching, be made 
to revolve at a rate proportionate to the required number of teeth 
in each, a point may be imagined as travelling along a curve, 
returning upon itself in such a manner that it will describe the 
forms of the respective teeth on each disc. In the system of 
teeth alluded to, this point is made to travel along the " hour- 
glass " curve, a curve similar to that described by the piston-rod 
attachment in Watt's parallel motion, and also exhibited by the 
vibration of a straight wire, whose breadth is double its thickness. 
The form of tooth obtained in this manner is demonstrated by its 
inventor to be theoretically superior to all others yet known. The 
chief advantage appears to be, that whilst according to the epicy- 
cloidal and involute systems, the form of the entire tooth is made 
up of two curves of different natures, whose junction cannot, in 
consequence, be perfectly smooth or fluent, the point of inflexion 
or passage from one curve to the other, occurring, moreover, pre- 
cisely where the best action would otherwise be. The "hour-glass" 
curve produces one continuous analytic curve for the entire out- . 
line of the wheel, thereby avoiding all sudden transitions, such 
outline, at the same time, allowing of the interchange, in any way, 
of wheels of the same pitch. 

The great exactness and nicety obtainable by and called for in 
the construction of teeth on this system, is, however, far beyond 
the requirements of ordinary machinery. Indeed the practical 
engineer and machinist will not be at the trouble of employing even 
epicyloidal or involute curves, but contents himself with arcs of 
circles approximating pretty nearly to these curves. The method 
generally pursued in determining the best proportions for the radii 
of these substitutive arcs is as follows : A pair of templets or thin 
boards are cut to the curvature of the pitch circle and generating 
circle, respectively, of the wheel, the shape of whose teeth is sought. 
The generating templet carries a point which is made to describe 
the outline of the tooth on an additional board, by rolling its edge 
on that of the pitch templet The operator then finds by trial 
with a pair of compasses, a centre and radius which will give an 
arc agreeing as nearly as possible with the curve traced by the 
templet. Through the centre thus found he describes a circle 
concentric with the pitch circle, and in which the centres for the 
arcs of all the teeth will obviously lie, and retaining the radius, he 
steps from tooth to tooth in both directions, until all the teeth are 
marked out 
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224. A very ingenious and useful scale was invented some years 
ago hj Professor Willis, which renders unnecessary this prelimi- 
nary operation for obtaining the radii and centres. This scale, 
termed the " Odontograph," is now largely employed, and is found 
to give very excellent forms of teeth. Its application is very con- 
venient. A graduated side of the instrument has a certain inclina- 
tion to another, which is first made to coincide with a radius of the 
wheel, whilst its point of intersection with the first is placed in the 
pitch circle. The graduated side gives the direction in which the 
centres lie, whilst the lengths of the radii are obtained from tables 
calculated for the purpose, indicating the respective distances on 
the graduated scale, and corre^nding to the given pitch and 
number of teeth. 

Wheels with teeth formed according to this scale are capable of 
being interchanged, which is not the case with those in which the 
arcs are determined according to other rules. 

After going through the explanations given, and rules laid 
down in the last few sections, the student should be quite compe- 
tent to design practical arrangements and combinations of toothed 
gear according to whichever of the systems may be preferred. 



CONTRIVANCES FOR OBTAINING DIFFERENTIAL 
MOVEMENTS. 

THE DBLIKEATION OF ECCENTEICS AND CAMS. 
PLATE 25. 

225. Eccentrics and cams are employed to convert motion, 
whilst toothed-wheel work is for the simple transmission of it. 

Endued themselves with a continuous circular movement, they 
are so constructed as to give to what they act upon, an alternate 
rectilinear movement, or an alternate circular movement, as the 
case may be, the motion so produced being obtainable in any 
desired direction. 

dSCULAB KOCEMTBia 

226. There are several descriptions of eccentrics. The simplest 
and most generally employed, consists of a circular disc, com- 
pletely filled up, or open, with arms, according to its size, and 
made to turn in a uniform manner, being fixed on a shaft which 
does not pass through its centre. Such eccentrics are represented 
as working the valves and pumps of a steam-engine in Plate 39. 

The stroke of such a piece of mechanism is always equal to twice 
the distance of its centre from that of the shaft on which it turns ; 
that is to say, to the diameter of the circle described by its centre 
during a revolution of the shaft. The motion of the piece acted 
upon is uninterrupted during either back or forward stroke, but it is 
not uniform throughout the stroke, although that of the actuating 
shaft is so ; the velocity, in fact, increasing during the first half of 
the stroke, and decreasing during the second halt 

HEART-SHAPED CAM. 
FlOUBB 1. 

227. When it is required to produce an alternate rectilinear 
motion which shall be uniform throughout the stroke, the shape 
of the eccentric or cam is no longer circular ; it is differentially 
curved, and its outline may always be determined geometrically 
when the length of the stroke is known, together with the radius 
of the cam, or the distance of its centre from the nearest point of 
contact. 



An example of this form of cam is represented in side elevation 
or face view, Fig. 1. 

Let a a> be Uie rectilinear distance to be traversed, and o, the 
centre of the shaft on which the cam is fixed, it is required to make 
the point, a, advance to the point, a*, in a uniform manner during 
a semi-revolution of the shaft, and to return it to its original posi- 
tion in the same manner during a second semi-revolution. 

With the centre, o, and radii, o a, and o a\ describe a couple of 
circles, and divide them into a certain number of equal parts hj 
radii passing through the points, I, 2, 3, 4, &c Also divide the 
length, a a*, into half as many equal parts as the circles, as in the 
points, IS 2*, 3\ &c. Describe circles passing through these 
points, and concentric with the first. These circles will sacces- 
sively intersect the radii, o 1, o 2, o 3, &c., in the points, 5, c, d, e, 
&c., and the continuous curve passing through these points will be 
the theoretical outline of the cam, which will cause the point, a, to 
traverse to a^ in a uniform manner, for the equal distances, a l\ 
V 2\ 2> 3S &c, passed through by the point, a, correspond in 
succession to the equal angular spaces, a* 1, 1 — ^2, 2-^, &c., 
passed through by the cam during its rotation. 

As it is not possible to employ a mathematical point in practice, 
it is usually replaced by an anti-friction roller of the radiu/i, a i, 
which has its centre constantly where the point should be.; and it 
will be seen, that in order that this centre may be made to travel 
along the path already determined, it will be necessary to modify 
the cam, and this is done in the following manner : — ^Wiih each of 
the points, b, c, d, &c., on the primitive curve as a'centre, describe 
a series of arcs of the radius, a t, of the roller, and draw a carve 
tangent to these, and such curve will be the actual outline to be 
given to the cam, B. 

It will be seen fh>m the drawing that the curve is symmetrical 
with reference to the line, a e, which passes through its centre ; in 
other words, the first half which pushes the roller, and consequently 
the tod. A, to the end of which the roller is fitted, from a to a^, is 
precisely the same as the second half, with which the roller keeps 
in contact during the descent of the rod from o^ to a. Thus the 
regular and continuous rotation of the cam, B, produces a uniform 
alternate movement of the roller, and its rod. A, which is maintained 
in a vertical position by suitable guides. 

In actual construction, such a cam is made open, and with one 
or more arms, like a common wheel, or filled up, and consisting of 
a simple disc, according to its dimensions ; and it has a boss, by 
means of which it is fixed on the shaft. When it is made open, it 
is cast with a crown, or rim, of equal thickness all round, and 
strengthened by an internal feather, curved into the boss at one 
side, and into the arm or arms at the other. 

Examples of the heart-shaped cam are found in an endless 
variety of madiines, and particularly in spinning machinery. 

CAM FOB PBODUCIKO A UKIFOBM AND INTEBMITTENT BECTILINEA& 

MOVEMENT. 

Figures 2 ahd 3. 

228. In certain machines, as, for example, in looms for the 
" picking motion," cases occur where it is necessary to produce a 
uniform rectilinear and alternate motion, but with a pause at each 
extremity of the stroke. The duration of the pause may be equal 
to, or greater, or less, than that of the action. Figs. 2 and 3 re- 
present a side elevation and sectional plan of a cam designed to 
produce a movement of this description; and in this case the 
angular space passed through by the cam, in making the pointy o. 
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traverse to the position, a^, is supposed to be equal to half the 
iQguIar space described hj it, whilst the point, a, is stationary, 
whether in its position nearest to the oentre, or its furthest, a>, from 
it For this reason, the circles of the radii, o a, and o a* are etu6ti 
divided into six equal parts in the points, o*, 1,/, ^, A, and/. Of 
these portions, the two opposite, 1 / and j A, correspond to the 
eccentric corres, b f and \ A, which produce the movement, whilst 
the other portions correspond to the pauses* 

Aiter haring drawn the diameters, 1 A, and/jf, the eceentrie 
carves, 5/, and / A, are determined in preeisely the same manner 
as the continuous curve already discussed, and represented in Fig. 
1. That is to say, the arcs 1 /, and j A, are to be divided into a 
obtain number of equal parts by radial lines ; and the line, a a^ 
being divided into a like number of equal parts in the points, 2^ 
3\ 4\ &C., concentric circles are to be drawn through these points, 
which will be intersected in the points, c, d, e, by the radial division 
lines. Lines passing through these points of intersection will be 
the curves sought, &/, and / \ 

The arcs, 6 a/, and/^ A, which unite the extremities of the 
corves, are concentric with the shaft, and consequently, as long as 
the point remains in contact with these arcs, it will continue with- 
OQt motion, although the cam itself continues its rotation. 

The observation made with reference to the preceding example 
of a cam, applies equally to the one, C, under consideration — ^that 
is, with regivd to the actual shape to be given to it, which is derived 
from the substitution of an anti-friction roller of the radius, a i, 
for the mathematical point, a. The operation is fully indicated on 
the diagram. 

This eccentric not being intended to overcome any great resist- 
ance, is made very light, a considerable portion of the metal being 
cat away, and merely a couple of arms lefb for stiffness. The 
crown, arms, and a great part of the boss, are, in fact, all of one 
thicVneis, as will be more plainly seen in Fig. 3, which is a sectional 
plan taken throt^h the line, 1—2, in Fig, 2. Fig. 3 also shows 
the proportions of the roller, and its spindle. 

When the moving point, or the roller, is constrained to move> 
through an arc, ipstead of a straight line, being, for example, at 
the end of a vibratory lever, the curves of the cam are no longer 
symmetrical, biut the operations by which they are determined are 
■till the same, the difference arising from the divisions of the arc,, 
which takes tl^e plaoe of the straight line, a a\ 

INVOLUTE CAM. 
Flos. 4, 5, AND 6. 

229.— In certain industrial arts, an instrument is employed for 
pounding, crushing, and reducing substances, such as plaster or 
tanbark, for example, in which the direct-acting force is the weight 
of the instrument itself brought into play by its descent through 
a determined height. The mechanical forge hammer is a wtell- 
knowu application of this expedient. 

In these oases, the stamp, or hammer, has to be raised or tilted 
Qp preparatory to each succeeding stroke, and it is obvious that 
this may be most economically done in a gradual manner. It is 
generally effected by a cam, the outline of which is the inirolute 
carve already described ; this form being preferable on aoooiiiit of 
the uniformity of its action. 

The office, then, which the cam under consideration has to 
falfil, is the raising of the stamp, or load, to a certain height, and 
then the letting it fall, without impediment, upon the objects sub- 
mitted to its action. 



The diameter of the cam-shaft being predetermined, as well as 
that of the generating circle, which last is usually the same as 
that of the boss of the cam, the design is proceeded with as 
follows : — 

Letting a be the cam-shaft, and taking A o as the radius of the 
generating circle of the involute cam, b, whilst a a^ is the height 
to which the projection piece, c, Figs. 4 and 5, formed on the stamp, 
D, is to be raised, develop the circumference (185) of the circle of 
the radius, a o, by means of a series of tangents which give the 
points, 6, c, (/, 0, &c., the curve passing through which forms the in- 
volute, hfi. The inner portion, h o, is not a continuation of the 
involute, but simply joins the boss by an arc tangentially, because 
the stamp projection, c» does not approach the cam-shaft, a, nearer 
than the point, a, to which h corresponds. Through the point, a, 
draw the vertical, a a\ and make it equal to the height to whidi 
the stamp has to be raised; then with the centre, A, and a radius 
equal to A a^ describe the arc, a^ m i, which will cut the involute 
in the point, t, and this point is consequently the outer limit of the 
cam, which is completed by drawing the line, i o, tangent to the eye or 
generating circle, A o. Alittle consideration will show that if the cam- 
shaft, A, be turned in the direction of the arrows, supposing that it is 
originally placed, so that the point, 6, ooincides with a, it must neces- 
sarily raise the lifting piece, c, the lower side of which is indicated 
by the dotted line, m a, and will carry it by equal increments up to the 
position, my a^ The point, i, will then have attained the posi- 
tion, a^ and the rotation continuing, the next moment it will pass 
it, when the cam will be entirely clear of the lifting-piece, 
c, and thia last being unsupported, must fall by its own weight. 

The involute might have been derived from a generating circle 
of the radius, a o, and had this radius been adopted, the resulting 
curve would have been shorter, notwithstanding that it would give 
the same extent of lift The angular space passed over would 
also be lea?, and this would admit of a higher velocity of the cam- 
shaft, a^ the strokes, might be given in more rapid succession, 
whilst on the other hand, a gre^r power would be required to 
liaise the. same weight. 

The cam we have represented in Fig. 4 is sucli aa is employed 
to actuate th^. chopping stamp of mills for reducing oak, or oUier 
bark, for the preparation of tai^ The bark is placed in a kind of 
wooden trough, E, solidly fixed into the floor. The stamps are 
armed with a series of cutters, F, in the form o^ crosses. The sidia 
of the trough next to the stamp is. vertical, whilst the opposite side- 
i& elliptical in shape, and th^ matter under operation has, conse- 
quenjtly, always a tendency to fall under the stamp. The stamps 
are kept vertical by guides in which they work. They are gener* 
aUy fh)m 450 to 700 pounds weight, and fall through a height of 
from 16 to 20 inches. 

F%. 5 is a side elevation of the cam showing the shaft, a, in 
transverse section; and Fig. 6 is a plan of the cam, b, and a portion 
of its shaft corresponding to Fig. 5, indicating the widths of the 
rim and boss, while the thickness of the feather or disc uniting the 
two is shown in dotted lines. 

A series of such cams are frequently employed in different 
planes on the same shaft, actuating a eorresponding series of 
stamps, and in such case they are arranged in steps so as to come 
into action one after the other. Two or more are also sometimes 
employed in the same plane, and working a single stamp. In this 
latter case, the generating circle requires to be of much larger 
diameter in proportion, but the principle of coi^truction is, however^ 
the same. 
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TRIANGULAR CAM. 
FiausBB 4, 5, 6, 7, amd 8. 

230. A species of cam, in the form of a curvilinear equilateral 
triangle, is sometimes employed in the steam-engine to give motion 
to the slide valve. This valve is generally of cast-iron or brass, of 
a rectangular form, as shown at a, Figs. 7 and 8. It is hollo ived 
out at its inner or face side to form a passage. This face, when 
planed (as well as the edges all round), is applied to the face, a 6, 
of the cylinder, B, which is also planed true ; both these surfaces 
are ground together, steam-tight, and are termed the valve faces. 
Its function is to allow the steam to pass alternately to the upper 
part of the cylinder, by the port, c, or to the lower part, by the 
port, d, whilst the hollow part of the valve forms a communication 
alternately between either of these ports, c, d, with the escape or 
exhaust pijje, e. To obtain the desired effect, it is necessary that 
the slide valve, a, be actuated with an alternate rectilinear or 
reciprocatory movement ; for this purpose it is attached to a vertical 
rod, c. passing through a stuffing-box in the valve casing, and con- 
nected to the rod, D, represented in Fig. 9, and forming one piece, 
with the rectangular frame, F, inside, which works the triangular 
cam, o. 

It is the last piece which has to effect the raising and lowering 
of the valve a certain distance and intermittently, in such a manner 
that the port, c, for example, may be open to the entering steam 
for a certain time, whilst the other, d, is in communication with the 
exhaust port and pipe, b, and so on reciprocally. 

Let o e. Fig. 10, be the whole stroke of the valve, or the distance 
through which the valve traverses ; with the centre, o, and with 
this distance, o e, for a radius, describe a circle, and divide it into 
six equal parts, in the points, e, 1, 2, 3, 4, and 5. With any two 
adjacent points, as 1 and 2, and with the same radius, o e, describe 
two arcs, o 2, and o 1, so as to form the curvilinear triangle, o — 1 — 2, 
which is exactly the outline of the eccentric, G, each side of which 
is equal to a sixth of the circumference. 

Draw the parallels, 5 — 1 and 4 — 2, tangential to the two sides of 
the triangle, q, and we shall thus obtain the upper and lower internal 
surface of the frame, F. 

The bearing surface of the cam is made of steel, as well as the 
two sides of the frame, F, which bear ujion it. It is adjusted and 
secured by the screw-bolt, A, to the disc, H, keyed on the shaft, J, 
as shown in the horizontal section, Fig. 11, taken through the line, 
3—4, in Fig. 10. 

It will be easily conceived, that if the shaft turns in the direction 
of the arrow, the curved side, o 1, of the cam, acting against the 
upper side of the frame, will cause it to rise, carrying with it the 
rod, D, in such a manner, that when the point, 1, shall have reached 
the position, e, that is, when the cam shall have inade a sixth of a 
revolution, this side of the frame will occupy the position, m n, 
thereby indicating that the slide-valve has been elevated to a dis- 
tance equal to half o e, and that, in consequence, the port, d, is 
uncovered, so as to allow the steam to enter the lower part of the 
cylinder, Fig. 7 ; whilst, on the other hand, a communication is 
established between the upper port, c, and the escape orifice, e, so 
that the steam can pass out from the upper end of the cylinder. 
If the movement of the cam be continued during a second sixth of 
a revolution, the slide-valve will remain in the same position, be- 
cause the arc, 1 — 2, which is concentric with the axis, does not 
change the position of the frame, as long as it is in contact with its 
side, m n. As soon, however, as the point, 2, of the cam reaches 



the position, e, the side, o 1, will be in the position, o 5, and it will, 
in consequence, be in contact with the lower side of the frame, 
which is in the position of the horizontal centre-line, 3 — 4. The 
further revolution of the cam, therefore, makes the frame descend 
from its pressure on the lower side, until the side, o 1, of the oam, 
occupies the position, o 3, when the lower side of the iVame will 
occupy the position, m} n\ corresponding to the position of the 
valve, represented in Fig. 7. 

It follows from this arrangement, that the valve will remain 
stationary when it arrives at each extremity of its stroke, and the 
pause each time will be of a duration corresponding to one-sixth of 
a revolution of the cam shaft. The upward and downward move- 
ments each take place during a third of a revolution, and the 
velocity of the valve will not be uniform, although the rotation of 
the cam shaft is so. In actual construction, the angles of the cam 
are slightly rounded off, to avoid a too sudden change of motioo, 
and to prevent the too rapid wear of the sides of the frame. 

CAM TO PB0DUC£ INTEBJOTTEMT AND DISSQCILAB BECTILINEAB 
MOVEMENTS. 

Fionan 12, 13, 14, 15, and 16. 

231. In certain examples of steam engines, the valve movement 
is obtained from a species of duplex cam, which being formed of 
two distinct thicknesses, affords a means of adjustment whereby 
the valve may be made to move intermittently and at different 
rates, the proportions of which are variable at pleasure. The 
object of this is to form and shut off the communication between 
the cylinder with the steam-pipe, at any required point .of the 
stroke. In other words, the arrangement permita of the working 
of the machine on the ea^imve principle, and of varying the 
" cut-off" point at pleasure within certain limits. We shall see, 
at a more advanced ])eriod, what is to be understood by the fore- 
going expressions. In designing cams of this class, we primarily 
determine the radius, o a, of the cam boss, and the entire length, 
h c, of the stroke to be given to the valve-rod. This distance, 
which in the present instance we shall take as equal to three times 
the height of the port, must not be traversed at one movement. 
On the contrary, a third only of this is at first passed through, 
with some rapidity, and the remaining two-thirds are traversed at 
a later period, in a continuous manner : in other words, after a 
third of the stroke has been traversed, a slight pause takes place 
before the remainder is traversed, and a second pause alao occurs 
before the commencement of the return stroke. 

After describing a couple of concentric circles with the respec- 
tive radii, o a, and o c, and having determined the angular spaces, 
a d, tjidfg, corresponding to the times during which the valve is 
to remain stationary, and the spaces, ^ h, and c/, corresponding to 
the duration of the movements ; divide the whole stroke, b c, into 
three equal parts in the points, t, j\ through which describe circles 
concentric with the preceding. Through the points,/, g. A, draw 
radii, and produce them to/^, g^, and h^. 

As the cam will act on two friction rollers, o and o^ diametrically 
opposite to each other, their radius is determined, as a e ; one is 
drawn with its centre, e, on the radius, o a, produced, and tangen- 
tial to the circle described with that radius ; the other, with its 
centre, e\ on the radius, o c, produced, is, in like manner, tangential 
to the circle described with this radius. 

Between the two points, d and k, and comprised within the 
given angle, goh, tL curve, kid, is drawn and unit^ by tangential 
arcs at either extremity with the circles of the radii, a o and o », 
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respectively, in such a manner as to avoid any sudden ohange of 
direction. Next divide the arc, g A, into a certain number of equal 
parts in the points, 1, 2, &c., and carry the radii across to 1^ 2^ &c., 
then, on each of these radii, as a centre line, describe an arc cor- 
responding to the radius of the roller, G, and tangential to the 
curve, kid. By this means will be obtained the points, r, «, t, 
indicating the successive positions of the centre of the roller, a, on 
the line, e e*, when impelled by the curve, dlk. If, then, starting 
from these several points, we measure on the corresponding cross 
lines, 1 — 1*, 2 — 2}^ &o., distances equal to e e*, which is obviously 
constant, we shall obtain the positions, r*, «^ <^ of the centre of the 
opposite roller, o*, corresponding to those of the first. Then, with 
these points, r', «^ Py as centres, describe arcs of the radius of the 
roller, and draw the curve, d^ P g^, tangential to them, and unite 
them to the circles of the radii, c o and j o, in a similar manner to 
the opposite curve. The curve, d^ P g^, will obviously, from its 
construction, be in contact with the roller, G^, whilst the first, d I k^ 
is in contact with the other roller, o. 

In order that the rollers, o, o^ may maintain their relative posi- 
tion, and move in the same rectilinear direction, they are carried 
in bearings, H, forming, with four tie-rods, i, a frame which em- 
braced the cam and cam-shaft, the middle of the rods being planed 
to rest and slide upon the latter. 

To one end of the frame is bolted the cast-iron connecting-rod, 
J, Fig- 14, jointed to the bell-crank lever, k. This last vibrates 
on the centre, L, and by its second arm actuates the link rod, D, 
connected to the rod, c, of the valve, a, Fig. 12, above. In the 
position given to the cam and roller frame, in Fig. 15, the valve is 
not covering the upper port, c^ and this remains open whilst the 
cam rotates through the angle, ao d^ because the arc, a d, and its 
opposite, c d^y are both concentric with the axis of the cam shaft, o> 

When, however, the point, d, shall have arrived at the position, 
a, supposiiig the cam shaft to continue to turn in the direction of 
the arrows in the two views, 14 and 15, (which are turned as look- 
ing on the reverse sides,) the cam will shortly pass through the 
an^Je, d o g, and the projecting curve, dlk, will push the roller, 
G, to the right, in Fig. 15, and to the left in Fig. 14, and the oppo- 
site roller, q}, being drawn in the same direction, will roll along 
the corresponding curve, d^ l^ g^. This movement will cause the 
valve to be raised to the extent of a third of its stroke, corre- 
sponding exactly to the width of the port, cK This port will, in 
fact, be completely closed when the radius, o k, of the cam shall 
have reached the position, o e. At this point, the valve is required 
to remain stationary for a short time, during which the cam, in 
continuing to revolve, describes the angle, go/. As soon, how- 
ever, as the radius, of, reaches the position, o e, the valve, and its 
actuating gear, will again move, and continue to do so, until the 
lower port, c', is completely open. This movement will take place 
whilst the cam, o, describes the angle, foe, and is caused by the 
curve, a* 6* c, which pushes the roller, o, and the frame still further 
to the right The curve, a^ b^ c, is united by a gradual turn to the 
circles of the radii, o k and o c, in the same manner as the curves 
previously drawn. The opposite and corresponding curve, amn, 
is obtained in the same manner as d^ /* g\ opposite to, and derived 
frotn, the first curve, dlk. The operations in both cases are fully 
indicated on the diagram, and it has merely to be borne in mind 
that the. object is to keep the two rollers, o and o^ in contact with 
the cam in every position of the latter. 

After the cam has passed through the angle, foe, the valve, 
with its gear, remaios stationary during another interval, in which 



the angle, co d^, is traversed, and then the first curve will com- 
mence to act upon the roller, g\ and cause it, with the frame, to 
return from right to left in Fig. 15, and from left to right m Fig. 
14, and the movements and intervals will take place in the same 
order as to time as in the upstroke of the valve already described 
in detail *, but the direction will be reversed — that is, the valve will 
perform its return stroke — ^until it reaches its original position, as 
represented in Fig. 12. 

To proceed: — (as seen in Fig. 16,) the cam is constructed in two 
pieces, M and u', precisely alike in all respects, and placed close to 
each other on the shaft, o, that marked m being fast to the shaft, whilst 
the other, m^ is capable of being adjusted to the first in any rela- 
tive position. Since the rollers, g, o^ are long enough to be in 
contact with both, it will follow they will, in any given position, be 
acted upon by that half of the cam which projects most at that 
particular point ; so that, if the curved portion, d Ik^ of one is 
turned slightly in advance, it will come into action sooner, and, by 
consequence, will cause the valve to shut off the communication 
between the steam pipe and the cylinder at an earlier period of the 
stroke. In this manner is obtained a means of varying the rate of 
expansion at which the engine is worked. 

Fig. 16 is a horizontal section, showing the two halves, ir x>, of 
the eccentric, and the arrangement of the details of the anti-friction 
rollers, g gS and frame, h i. 

Fig. 13 is a front view of the valve face of a steam-engine cylin- 
der, showing the disposition of the ports. 

An innumerable variety of movements may be produced by the 
agency of cams ; but the principles of their construction are mostly 
the same as those just discussed, and the examples given will be 
a sufficient guide to the student in designing others. 



RULES AND PRACTICAL DATA. 

MECHANICAL WORK, OR EFFECT. 

232. To work, considered in the abstract, is to overcome, during 
any certain period of time, a continuously replaced resistance, or 
series of resistances. Thus, to file, to saw, to plane, to draw bur- 
dens, is to work, or produce mechanical effect 

Mechanical work is the effect of the simple action of a force 
upon a resistance which is directly opposed to it, and which it 
continuously destroys, giving motion in that direction to the point 
of application of *the resistance. It follows from this definition, 
that the mechanical work or effect of any motor is the product of 
two indispensable quantities, or terms : — 

First, The effort, or pressure exerted. 

Second, The space passed through in a given time, or the velocity. 

The amount of mechanical work increases directly as the increase 
of either of these terms, and in the proportion compounded of the 
two when both increase. If, for example, the pressure exerted be 
equal to 4 lbs., and the velocity 1 foot per second, the amount of 
work will be expressed by 4 X 1 = 4. If the velocity be double, 
the work becomes 4 X 2 = 8, or double also ; and if, with the 
velocity double, or 2 feet per second, the pressure be doubled as 
well — that is, raised to 8 lbs.— the work will be, 8 X 2 = 16, or 
the quadruplicate of its original amount. 

In the term "velocity," "time" is understood; so that, in fact, 
just as space or solidity is represented in terms of three dimensions, 
length, breadth, and depth, so also is mechanical effect defined by 
the three terms representing pressure, distance, and time. This 
analogy gives rise to the possibility of treating many questions and 
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problems Teln^ng to roeohanioal effects hy means of geometrical 
diagrams and theorems. 

The nnit of mechanical effect (corresponding to the geometrical 
cubical nni4 adopted in England, is the hone-power, which is 
equal to 33,000 Ibe. weight or pressure, raised or moved through a* 
space of 1 foot in a minute of time. The corresponding nnit em- 
ployed in France is the kilogrammdtre, which is equal to a kilo- 
gramme, raised 1 mdtre high in a second. The kilogram mdtre is 
equal to 2*2060 lbs. English, and the mdtre is equal to 3*2809 feet 
English. Thus, supposing the pressure exerted be 20 kilog., and the 
distance trarersed by the point of application be 2 metres in a second, 
the mechanical effect is represented by 40 k. m. ; that is, 40 kilog., 
raised 1 mdtre high. When small amounts of mechanical effect are 
spoken of in English terms, it is generally said that they are equal to 
BO many pounds raised so many feet high ; that is to say, this takes 
place in some given time, as, for example, a minute, or it is ex- 
pressed in the fractional part of a horse power. Time must always 
be expressed or understood. It is impossible to express or state 
intelligibly an amount of mechanical effect, without indicating all the 
three terms — ^pressure, distance, and time. It is to the losing sight 
of this indispensable definition, that we may attribute the vagueness 
and unintelligibility of many treatises on this subject The French 



engineers make the horse^power equal to 75 kilogramrndtres ; 
that is, to 75 kilog., raised 1 metre high per second. 

The motors generally employed in manufactures and industrial 
arts are of two kinds — living, as men and animals ; and inanimate, 
as air, water, gas, and steam. 

The latter class, being subject only to mechanical laws, can con- 
tinue their action without limit. This is not the case with the fint, 
which are susceptible of fatigue, after acting for a certain length of 
time, or duration of exertion, and require refreshment and repose. 

What may be termed the amount of a day's work, producible by 
men and animals, is the product of the force exerted, multiplied 
into the distance or space passed over, and the time during which 
the action is sustained. There will, however, in all cases, be a 
certain proportion of effort, in relation to the velocity and duration 
which will yield the largest possible product, or day's work, for 
any one individual, and this product may be termed the maximum 
effect. In other words, a man will produce a greater mechanical 
effect by exerting a certain effort, at a certain velocity, than he 
will by exerting a greater effort at a leas velocity, or a leas effort 
at a greater velocity, and the proportion of effort and velocity 
which will yield the maximum effect is different in different 
individuals. 



TABLB or THE AVEBAGE AMOUNT OF MECHAKICAXi EFFECT PBODUCIBLV BT ME5 AND ANIMALS. 



NiTvaa or ni Wobk. 



Mean weight 

elerat«d or 

effort exerted, 



A man aacending a slight incline, or a stair, without a burden, his work con- 

aiating simply in the elevation of his own weight, 

A labourer elevating a weight by means of a chord or pulley, the chord being 

pulled downwards, 

A labourer elevating a weight directly, with a chord, or by the hand, 

A labourer lifting or carrying a weight on his back, up a alight incline, or 

stair, and returning unladen, 

A labourer carrying materials in a wheel-barrow, up an incline of 1 in 12, 

and returning unuiden, 

A labourer raiamg earth with a spade to a mean height of five feet, 



Acnoa OH XAcman. 

A labourer acting on a spoke-wheel, or inside a large drum. 

At the level of the axis, • 

Near the bottom of the wheel , , , 

A labourer pushing or pulling horizontally, > 

A labourer working at a winch-handle, , < 

A labourer pushing and pulling alternately in a vertical direction,. 

A horse drawing a carriage at an ordinary pace, 

A horse turning a mill at an ordinary pace, , 

A horse turning a mill at a trot, ..» ,,, 

An ox doing the same at an ordinary pace, , .%. 

A mule do. do. 

An asa de. do. , 



Lbs. 

148 

40 
44 

143 

)32 
60 



132 
26 
26 
17J 
11 

154 
99 
66 

143 
66 
31 



Velocity 01 
dlBtaneeper 
Id. 



Feet. 
•60 

•66 
•66 

•13 

•06 
•IS 



•60 
230 
1-97 
2*46 
8-61 
2 96 
296 
6-66 
1-97 
2-95 
2*62 



Mechanicftl 
effect per 
•eoond. 



l(Ke. nlwd 
1 foot high. 

71-6 

260 
24 6 

18*6 

86 
7-8 



660 

69-8 

61-2 

430 

39-7 

464-3 

2920 

4330 

2817 

194-7 

81-2 



DnraUon per 
diem. 



Hoars. 
8 

6 
6 



10 
10 



8 
8 
8 
8 
8 
10 
8 
4» 
8 
8 
8 



Mecfaulcal effect 
perdien. 



Um. raised 
1 foot Ugh. 

2,059,200 

661,600 
631,360 

401,760 

306,000 
280,000 



1,900.800 
1,722,240 
1,474,660 
1,238,400 
1,143,360 
16,364,800 
8,409,600 
7,014,600 
8,112,960 
5.607,360 
2,388,560 



It may be gathered from this table that a labourer turning a 
winch handle can make its extremity pass through a distance of 
2*46 feet per second, or 60 X 2^46 = 147^6 feet per minute. 
Then, supposing the handle has 13} inches^ = 1^147 feet radius, 
which corresponds to a circumference of 6 28 X 1*147 = 7'2 feet 
at the point of appHoation, the labourer is capable pf an average 
velocity of 

14.'7*fi 

—— - = 20 turns (nearly) per minute. 
7 '2 

Also, the same labourer exerting a force e^ual tq 17} lbs. with 



the velocity of 2*46 feet per second, will produce a mechanical effect 
equal to 

17| X 2*46 = 43 lbs. raised 1 foot high per second, or of 
43 ,X 60 = 2580 per minute, and 

2580 X 60 = 164,800 lbs. raised 1 foot high per hour. 
Ai^d as he can work at this 8 hours per diem, the total mechanical 
effect during this time will be, as indicated in the table, equal to 
1,238,400 lbs. raised 1 foot high. 

We may then calculate that, as a day's work, a labourer turning 
a winch-handle can elevate in a continuous manner 17 j> lbs. 2*46 
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feet high per second ; when, however, the labourer has only to 
api^j his strength at intenrals to a crane, a windlass, or a capstan, 
be caa derelop a much greater force for a few minutes. According 
to experiments tried in England with a discharging crane, a man 
oia in 90" raise a load of 1048*6 lbs. to a height of 16^ feet Now, 
to oompaie this with the tabulated quantities, we must multiply 
the weight raised, 1048*6 Iba., by the height, 16^ feet, and divide 
the product by the duration of the action, or 90" *, the quotient, 192, 
isdicates the number of pounds raised 1 foot high in a second, to 
whieh the meehaaical effect is equal 

It has been proved by experiments, that under the most favour- 
tUe ciroumstaoees, an Irish labourer of extra strength can, by 
grest exertion, raise to the same height, 16} feet, a load of 1474 
IbL in 132", which is equal to a mechanical effect of 

— -—. = 184-25 lbs. ndsed 1 foot high per second. 

132 

A man can evidently only exert such a force during a very 
Gmited period ; we cannot, therfore, compare this kind of labour 
vith that which continues through several consecutive hours. 
Although the load and velocity as given in the table are those most 
ooHTeniently proportioned to each other, still, when the case requires 
it, they might be altered to some extent ; thus, if it is necessary 
to apply a force of 25 lbs. to the extremity of the winch-handle in- 
stead of 17}, then the velocity would be reduced, and would become 

43 

r— = 1*72 feet per second, instead of 2*46. 

25 

It has been ascertained from actual observations, that a horse, 
goiag at the respective rates of 1, 3, 5, and 10 miles per hour, can- 
not exert a greater tractive force than the corresponding weights, 
194, 143, 100, and 24 lbs., and cannot draw anything appreciable 
vhen going at the rate of 15 miles per hour. 

thva, when it is wished to increase the force exerted, a decrease 
tiba place in the velocity ; and reciprocally, when it is wished to 
gun time and speed, it can only be done at the expense of the 
load. Thoa, in the case of the winch-handle, the two factors must 
always produce am effect equal to 43 lbs. raised 1 foot high per 
Meond, whatever ratio they may have to each other. 

In all eases of the direct action of forces, a certain velocity is im- 
prened, for without movemefd there could not be the action of a force. 

There are two kinds of motion — ^uniform and varied motion. 

233. Uniform Motion. — ^A body is said to have a uniform 
motioQ when it passes through equal distances in equal times. 
Thoa, for example, if a body traverses 5 feet in the first second, 5 
feet in the second, and so on throughout, its motion is uniform. 

Putting D to represent the distance, V the velocity, and T the 
time, the formula, D = V X T, indicates that the distance is 
«qnal to the velocity multiplied by the time. 

Fird Example. — ^The velocity of a body subject to a uniform 
inotioii la 3 feet per second, through what distance will it have 
pu«ed in 15 seoonds ? 

D = 3 X 15 = 45 feet. 

From the pieeeding formula, D = V X T, is obtained V = — ; 

that is to say, the velocity per second is equal to the distance 
divided by the time. 

Second ^xav^ple. — ^The distaoee passed through in 15 seoonds is 
45 fiset, what is the velocity 7 

V = « = 3feet 



The wheel-gear and machinery, as well as many other instru- 
ments of transmission, is, for the most part, aduated in a uniform 
manner. 

234. Vabikd Motion. — ^When a body passes in equal times 
through distances which augment or decrease by eqnal quantities, 
the motion is called uniformly varied. 

The distance in motion uniformly varied is equal to half the sum 
of the extreme velocities multiplied by the time in seconds. 

First Example. — What is the distance passed through in 4 
seoonda by a body in motion, the velocity of which is 2 feet per 
second at starting, and 6 feet per second at the termination ? 

D = ^— X 4 = 16 feet. 

Second Ewample. — ^What is the distance passed through in 4 
seconds by a body in motion, which at starting has a velocity of 
6 feet per second, but which is gradually reduced to 2 feet ? 

D=l±-^X4=16feet. 
2 

It will be seen from these two examples, that, with like condi- 
tions, the total distance is the same for motions uniformly accle- 
rated or retarded. 

The velocity at the end of a given time, in uniformly aodelerated 
motion, is equal to the velocity at starting, plus the product of the 
increase per second into the time in seconds. 

Fir^t Example. — What velocity will a body have at the end of 
8 seconds, supposing the initial velocity = 1, and that it increases 
at the rate of 3 feet per second ? 

V = 1 + (8 X 3) = 26 feet 

The velocity which, at the end of a given time, a body uniformly 
retarded should have, is equal to the initial velocity minus the 
product of the diminution per second, multiplied into the time in 



Second ExampiU. — ^A body in motion starts with a velocity of 
22 feet per second, and its velocity decreases at the rate of 2 feet 
per second, what will be the velocity at the end of 10 seconds ? 
V = 22 — (2 X 10) = 2 feet. 

235. The motions of which the various parts of machines are 
capable are of two principal kinds— eontinuous and alternate, or 
back and forward motion. 

These two kinds of motion may take place either in straight or 
curved lines, the latter generally being circular. 

In the actual construction of madiinery, we find that, from these 
principal descriptions of motions, the following combinations are 
derived: — 

rContiniioai rectilinear. 
Continooas vectlUnear motion fa oonveried into •< Conthmoua circular. 

(Alternate circular. 

r Continuous rectilinear. 
Alternate rectilinear motion ia converted into -< Continuous circular. 

(Alternate circular. 

f Continuous rectilinear. 
Oxtumoo. dn^W motum U c«>Terted Into ] ^'St^'^'^'ir.'' 

t Alternate circular. 

r Alternate rectilinear. 
Alternate circular motion ia converted into < Continuous circular. 

(Alternate drcular. 

THE flIMPLB MACHINES. 

236. This term is applied to those mechanical agents which 
enter as elements into the composition of all machinery, whether 
their function be to elevate loads, or to overcome resistances. 
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The simple machines (or "mechanical powers/') are generally 
considered to he six — the lever, the wheel and axle, the pulley, 
the inclined plane, the screw, and the wedge. 

A more scientific and comprehensive arrangement of the elemen- 
tary machines, is that lately suggested hy Mr. G. P. Renshaw, 
C.E., of Nottingham. According to his system, the elementary 
machines, or mechanical powers, are five — ^namely, the lever, 
the incline, the toggle or knee-joint, the pulley, and the ram. 

The wheel and axle, of the first system, is evidently hut a 
modification of the lever, and the sct%w and wedge are modifica- 
tions of the inclined plane; whilst no mention is made of the 
toggle-joint and ram — ^the last so well represented hy the hydro- 
static press. 

All these machines act on the fundamental principle, known as 
that of virttial velocities. According to this principle, the pressure 
or resistance is inversely as the velocity or space passed through, 
or that would he passed through, if the piece were put in motion. 

The momentum of the power and resistance is equal when the 
machine is in equilihrio. By momentum is understood the product 
of the power by the space passed through by the point of appli- 
cation. 

Time is occupied in the transmission of all mechanical force. In 
any mechanical action we do not see the effect and the cause at the 
same instant. Thus, in continuous motion, in which the time 
expended is not apparent at first sight, each succeeding portion of 
the motion is due to a portion of the impelling action exerted a 
certain time previously. This will be more obvious on observing 
the commencement and termination of any motion. The motion 
does not commence at the instant that the power is applied, nor 
does it cease at the exact moment of the power's cessation. The 
fiction of the vie inertice has been invented to account for these 
latter observed facts, but it explains them very awkwardly. Thus, 
bodies are said to possess a certain force which is opposed to a 
change of state, whether from rest to motion or motion to rest. If 
such a resistive /orce existed, it would require an effort to overcome 
it, in addition to what is actually accounted for by the motion. If 
it is said that this is again given back at the termination of the 
motion, another fiction is required to account for it in the meantime, 
that is, during the continuation of the motion. Moreover, there is 
nothing analogous to it throughout the entire range of physical 
science. 

The facte are described in a much more simple and philosophical 
manner, when they are said to arise from the time taken in the 
transmission of motive force. Why there should be this expendi- 
ture of time is a more abstruse question. It probably arises from 
the elasticity of the component particles of bodies and resisting 
media, and is regulated by the laws which govern the relation to 
time of the vibrations of the pendulum. 

In all machines, a portion of the actuating power is lost or mis- 
applied in overcoming the friction of the parts. 

237. The Lever. — The lever, in its simplest form, is an infiexi- 
ble bar, capable of oscillation about a fixed centre, termed the ful- 
crum. A lever transmits the action of a power and a resistance, or 
load ; the distance of the power, or load, from the centre of oscilla- 
tion, is called an arm of the lever. 

There are two kinds of power levers, distinguished by the posi- 
tion of the fulcrum as regards the power and the resistance. These 
become tpeed levers, by transposing the power and resistance. By 
a power machine, is meant one which gives an increase of power 
at the expense of speed, and by a epeed machine, one that gives an 



increase of speed at the expense of power, and all the simple 
machines are one or the other, according to the relative position of 
the power and resistance. 

In all cases of the lever, the power and the resistance are in the 
inverse ratio to each other of their distances from the centre of 
oscillation. That is to say, that when, in equilibrio, the moTnentnm 
of the power, P X A, or the product of this power into the space 
described by the lever arm. A, is equal to the product, R X B, of 
the resistance, into the space described by the lever arm, B: whence 
the following inverse proportion : — 

P:R#:B:A; 
Any three of which terras being known, the fourth can be found at once. 

238. The wheel and axle is a perpetual lever. As a power, the 
advantage gained is in the proportion of the radius of the circum- 
ference of the wheel to that of the axle. That is to say, the power, 
p, is to the resistance, R, as the radius, h, of the axle, is to the 
radius, a, of the wheel, or the length of the winch handle— in the 
simpler form of this machine, consisting of an axle and a wincb 
handle. The same rules and formulsB obviously apply to this, as 
to the first described form of lever. 

Thus, multiply the resistance by the radius of the axle, and 
divide by that of the handle, and the quotient will be the power. 

In windlasses and cranes, consisting of a sy stem of wheel-work, 
the power is applied to a handle fixed on the spindle of a pinion, 
which transmits the power to a spur-wheel, fixed in the spindle of 
the barrel, about which the cord, or rope, carrying the load to be 
raised, is wound. 

Where there are several pairs of such wheels, it is necessary to 
include in the calculations the ratios of the pinions to the spur- 
wheels. 

The proportional formula will, in this case, be the same as for a 
system of levers: — 

P : R :: J X 6'X ft" : « X a' X a"; 
Or, the power is to the resistance, as the product of the radii of | 
the pinions and barrel is to the product of the radii of the spur- 
wheels and handle. I 

From this we derive the following rules: — ' 

I. Multiply the load to he raised hy the product of the radius of 
the barrel into the radii of the pinions^ and divide the eum obtained 
by the product of the radius of the handle into ike radii of the spur- 
wheels, and the quotient will be the power ^ whick^ when applied Ut 
the handle^ will balance the load. 

II. Multiply the pouter applied by the radius of the handle, and 
by the radii of the spur-wheels^ and divide the product by the radius 
of the barrel^ and by the radii of the pinions, and the quotient will 
be the resistance which will balance the power. 

III. Multiply the radii of the pinions and barrel^ and divide the 
product by the radii of the handle and spur wheels, and the quotient 
will be the ratio of the power to the resistance. 

239. The Incline.— -When a body is raised up a vertical plane, 
its whole weight is supported by the elevating power, and this 
power is consequently equal to the weight elevated. 

When a body is drawn along a horizontal plane, the tractive 
power has none of the weight of the body to sustain, but merely 
to overcome the friction of the surface. 

If, however, a body is drawn up an inclined plane, the power 
required to elevate it is proportionate to the inclination of the plane, 
in such a manner, that 

If the power acts parallel to the plane, the length of the plane unU 
be to the load as the height is to the potper. 
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The advantago gained by the use of the inclined plane, as a 
power, is the greater, the more its length ontmeasures its height ; 
it is then the ratio of the length to the height which determines 
tbal of the power to the resistance, whence we obtain the following 
rales :—r 

I. The rensianee, multiplied hy the height and divided by the 
kngih of the ptane, is equal to the power required to balance a body 
on the inclined plane, 

II. The power, muHipUed by the length of the plane and divided 
by the heighty is equal to the resigtance. 

III. The reeistaneef muttipUed by the heigM of the plane and 
divided by its lengthy is equal to the load on the plane. 

The wedge and the screw are noticeable modifications of the 
mcline. An incline wrapped round a cylinder generates a screw. 
When used as a power-machine, it is generally combined with a 
lerer, as in presses. The advantage gained depends upon the 
length of the lever and the pitch of the screw. Multiply the 
actuating force by the circumference described by the end of the 
arm or lever, and divide the product by the length of the pitch 
of the screw ; the quotient, minus the friction, which is very con- 
siderable in these machines, will be the pressure exerted by the 
Bcrew. and the velocity will, of course, be in the inverse ratio of 
the theoretical pressure to the actuating force. 

240. The Toggle. — This is met with chiefly in punching presses. 
Deflected springs and rods are also examples of it, and also the 
twisted cords used by carpenters to stretch their saws in frames. 
As in the other machines, the resistance is to the power, as the 
space passed through by the latter is to the space passed through 
by the former. 

241. The Pulley. — ^There are two kinds of pulleys, the one 
turning on fixed centres, the other on traversing centres. 

The pnHey, which turns on a fixed centre, serves simply to 
change the direction of the motive force, without altering the rela- 
tions of power and velocity. It is, in fact, only the moveable 
palleys which can be classed amongst the elementary machines. 

A single moveable pulley, acting as a power, doubles it at the 
npense of the speed ; thus, if a weight of 10 lbs. be suspended to 
one extremity of the cord, it will balance 20 lbs. hung to the axis 
ot the pulley. This arises from the fact that, from the arrangement 
of the cord, the pulley only rises through half the height passed 
throQgh by the motive force; thus, if the latter pass through 6 feet, 
the pulley will only rise 3 feet, and the resulting momentum of the 
power, 10 X 6, will be equal to that of the resistance, or 20 X 3, 
80 that the two will be in equilibrium. 

Though the stationary pulley cannot be considered as a mechani- 
cal power, yet, in changing the direction of the motion, it affords 
great facilities in the application of force ; thus, it is easier to pull 
downwards than upwards, as the labourer brings his weight to bear 
in the former case. 

When several pulleys or sheaves are placed on one axis in a 
suitable frame, it is called a block. Where two or more blocks are 
employed, it is only the moveable ones which increase the power, 
and this increase is equal to double the number of sheaves, or 
pulleys, in the block or blocks. 

The mechanical advantage of the block, as a power, arises from 
the fact, that the space traversed by the motive power is equal to 
the sum of doublings of the cord round the pulleys, whilst the load 
is only elevated to a distance corresponding to this space divided 
hy the number of these doublings. 
A clock line and weight, in which the line goes round a pulley 



fixed in the weight, is an example of a speed-pulley, that is, one 
in which the power, or resistance, is transposed, for the weight, or 
motive power, causes the moveable end of the cord to pass through 
twice- the space it passes through itself. 

242. The Ram. — This is the most economical augmentor of 
power that we have. It is freer from friction and other disad- 
vantages than the other simple machines, and it is, in its action, 
very closely allied to the pulley. Each derives its advantage from 
the division of the points of support, for the proportionate area of 
the piston in the Bramah press represents the number of points 
over which the pressure, or resistance, is diffused. 

243. Remarks. — It is essential that, to avoid illusive mistakes, 
the student should perfectly understand, that when, in employing 
mechanical forces, the effect of the power applied is augmented, the 
distance passed through by the resistance, or load, is diminished, 
with reference to that passed through by the power, in exactly the 
same ratio that this is increased. This is true in all cases, and may 
be stated thus : What we gain in force, by means of machinery, 
we lose in speed, and reciprocally. 

It follows from this, that the true object of machinery cannot 
be to augment the work performed by the motive agent, but to 
convert any primary action in a manner appropriate to the circum- 
stances in which the power is to be used. Thus we can make a 
very small force, as that of a man, elevate an enormous weight, but 
with a speed proportionately slow. 

Finally, The mechanical efed developed in a given time by a given 
force, through the instrumentality of machinery, must always equal 
the useful effect obtained, plus the amount lost in overcoming fric- 
tional and other resistances ; and the useful effect of machinery unll 
be the greater, according as the causes of these resistances are 
diminished, 

CENTRE OF GRAVITY. 

244. All bodies are equally subjected to the action <^ weight 
Gravity, or weight, is the action of that universal attraction which 
draws all bodies towards each other, and by which, in the case of 
bodies on the surface of the earth, these are drawn towards its 
centre. The power, of whatever nature it may be, which balances 
this action, is equal to the weight of the body. 

The curvature of the surface of the earth being quite inappreci- 
able for small distances, gravity is considered as acting in parallel 
lines, and its direction is given by the plumbline. 

The centre of gravity is that point in any body in which the 
action of its entire weight may be said to be concentrated. If the 
body be suspended by this point it will be in equUibrio, in whatever 
position it is put 

The position of the centre of gravity depends upon the nature 
and form of any body ; it may generally be found in the following 
manner : — 

Suspend the body by a thread attached to any point whatever 
in it ; when the body is motionless, the line of the suspension 
thread will pass directly through the centre of gravity. Suspend 
the body by any other point, and the centre of gravity will also be 
in the continuation of the line of the thread, so that the actual 
centre must be^at the point of intersection of the two Knes thus 
obtained. This simple expedient reminds us of the application of 
the square to the finding of a shaft, for example, where the inter- 
section of any two lines, drawn along the blade of the square, when 
the head is laid against the periphery of the shaft in two different 
positions, gives the required point of centre. 

o 
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The centre of gravity of regular bodies, as spheres, cylinders, 
prisms, is in the centre of their configuration. 

The centre of gravity of an isosceles triangle is one-third up the 
centre line which bisects the base. 

The centre of gravity of a pyramid, with a triangular or poly- 
gonal base, is one-fourth up the line which joins the summit with 
the centre of gravity of the base. It is the same with a cone. 

The centre of gravity of a hemisphere is situated three-eighths up 
the radios at right angles to the base. 

The centre of gravity of an ellipse is in the point of intersection 
of the axes. 

When a body is placed in a vertical or inclined position on a 
plane, it is necessary, in order that it may rest upon it in that 
position without falling, that the vertical line passing through the 
centre of gravity shall fall within the external outline of the side 
in contact with the plane. This limit, however, allows of consi- 
derable deviation from the vertical in the general contour of bodies, 
as is instanced in the case of leaning or inclined edifices. The 
stability of bodies increases as the extent of their bases is greater 
in comparison with their height, and also, as the vertical line, 
passing through the centre of gravity, meets the plane on which 
the body rests nearer to the centre of the base. A body is said to 
be more stable when it requires a greater force to overturn it A 
oone is more stable than a cylinder of the same height and Imse. 
The stability of walls depends greatly on the kind of foundations 
given to them, and on the proportionate extension of their bases. 

ON ESTIHATINa THE POWER OF PBIME MOVEBS. 

246. As we shall see further on, the power of prime movers 
may be calculated from the dimensions of the various parts of the 
engine. Still, the many different modes of construction tend to 
modify considerably the actual useful effect, and engineers have 
endeavoured to construct an apparatus, by means of which the 
actual power, or useful effect of engines, may be measured with 
exactitude. 

Prony*8 brake, which is the instrument most generally used for 
this purpose, acts on the principle of the lever, and consists of a 
cast-iron pulley in two halves, united by screws. This is fixed on 
the main shaft of the prime mover, the force of which it is wished 
to measure. It is embraced by two jaws, which may be tightened 
down upon the pulley by screws. To the lower jaw is attached a 
long lever, from the end of which is suspended a scale for weights. 
If it is known what power the engine was designed to possess, it is 
simply necessary to put into the scale the weight corresponding to 
this power, that is, the weight which, by the action of the lever, 
will give a pressure equal to the supposed power of the machine. 

Having fixed the apparatus on the engine, and provided means 
of efficiently lubricating the frictional surface of the pulley with 
soap and water, and having balanced the apparatus in such a 
manner that it will not be necessary to take into the calculation 
anything but the weight placed in the scale, the steam may be 
gradually let on. The engine will perhaps shortly acquire a 
greater velocity than that for which it was designed ; if this is the 
case, the jaws are gradually screwed closer and closer upon the 
pulley. As the friction thereby increases, the velocity will dimi- 
nish, and full steam may be let on. After a short time, and when 
the friction is so great that the lever is raised slightly above the 
horizontal line, and the engine is going at its proper velocity, and 
the pressure of the steam at its correct point, so that the power of 
the engine balances the load on the lever, it may be concluded that 



the engine develops the power for which it was intended. If the 
lever rises considerably, it will be necessary to increase the weight 
in the scale, bo as to obtain the actual maximum power of the 
engine ; and, on the contrary, if the engine does not appear to have 
the desired power, the weight must be reduced, by which means 
its actual power will be ascertainable. 

CALCULATION FOB THE BRAKE. 

246. The weight which will balance the force of a machine may 
be calculated when the length of the lever arm is knovm, or, more 
correctly, the radius from the centre of the shaft to the point of 
suspension of the weight, and the nominal horse-power, by the 
following rule ; — 

Multiply the nominal horse-power by 33,000, and divide the pro- 
duct hy the circumference deecribed by the end of the lever , and by 
the number of revolutions per minutey and the quotient unit be the 
weight eauyht. 

Let us take, for example, the main shaft of a steam-engine of 
16 horse-power, which runs at the rate of 30 revolutions per 
minute, the radius of the brake being nine feet— 

Here we ha.e w = ^^-ff|^ = 311.4 lb. 

Such is the net weight to be suspended from the end of the lever, 
the brake being previously balanced by being suspended on its 
centre of gravity. 

247. The actual power, or maximum effect of an engine, may 
likewise be calculated by means of the following rule : — 

Multiply the circumference described by the lever, by the number 
of revolution* of the shaft per minute, and by the weight in the 
scale, and divide the product by 33,000, and the quotient will he the 
actual force of the engine in horses-power. 

For example, let us suppose that the main shaft of a steam- 
engine makes 30 revolutions per minute, that the radius of the 
lever is 9 feet, and that the net weight in the scale is 311*4 lbs., 
what is the maximum force of the engine ? 



F = 



6-28 X 9 X 30 X 311-4 



33,000 



THE FALL OF BODIES. 



= 16 H. P. 



248. When bodies fall freely of their own weight, the velocities 
which they acquire are proportionate to the time during which 
they have fallen, whilst the spaces passed through are as the 
squares of the times. 

It has been ascertained by experiment that a body falling freely 
from a state of rest, passes through a distance of 16 feet and a 
small fraction, in the first second of time. At the end of this 
time it has a velocity equal to twice this distance per second. 
From this it follows that if the times of observation are — 

1" 2" 3" 4" 

The corresponding velocities will be 32 ft. ... 64 ft. ... 96 ft. ... 128 ft. 
The spaces passed, through from the> -g .» ., ., -^ ,, ^^,, 

commencement, f *^ . ... t>* ... 144 ... 3K* 

The spaces passed through during eachf -^ ,4 ^ ,, 
second, f ^^ ••* *° 

That is to say, that the times are as the numbers, 1, 
The velocities also as, 1, 

The soaces passed through as the squares, 1, 

And tiie space for each interval as the odd numbers, 1, 

These principles apply equally to all bodies, whatever may be 
their specific gravity, for gravity acts equally on all bodies ; the 
effect, however, being modified by the resistance of the media 
through which the bodies pass, which is greater in proportion, as 
the specific gravity is less. 



80« 



112' 



2, 


3, 


4 


2, 


3, 


4 


4. 


9, 


16 



BOOK OF INDUSTOIAL DESIGN. 



107 



249. The velocity which a body will acquire in a given time 
irhen falling freely will be found by multiplying the time ex- 
pressed in seconds by 32 feet. 

JSrampfe.— Let it be required to ascertain the velocity acquired 
by a body falling during 12 seconds. 

• V = 12 X 32 = 384 feet per second. 

When a body falls from a given height, H, the ultimate velocity, 
or that acquired by the time the base is reached, will be given by 
the formula {g being the velocity gravity causes a body to acquire 

in the first second) 

V = i/2^H, orV=i/64xH, 
which leads to the following rule :— -Multiply the given height in 
feet by 64, and extract the square root, which will be the 
Telocity in feet per second by the time the body shall have 



fallen through the height, H, not taking resistance into considera- 
tion. 

Example, — ^What will be the ultimate velocity of a body falling 
a distance of 215 feet ? 



X 216 = 
From the above formula, 



: 117*3 feet per second. 



V=V2gE, 
we obtain V = 2 a H, then 

whence we have this rule : — ^Divide the square of the velocity in 
feet per second by 64, and the quotient will express the height 
through which ,a body must fall unimpeded, from a state of rest, 
in order to obtain that velocity. 



TABLE or HKiaHTB COBBEBPONDINa TO VABI0U8 VELOCITIES OF FALLING BODIES. 



Velocity. 


Height. 


Velocity. 


Height. 


Velocity. 


Height 


Velocity. 


Height. 


Velocity. 


Height. 


iDChes. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


Inches. 


•1 


•0001 


5^7 


•165 


16^5 


1-388 


44-5 


10^094 


72 6 


26-794 


-2 


•0002 


6^8 


•171 


17-0 


1-473 


450 


10-322 


73-0 


27-164 


•3 


•0005 


6-9 


•177 


17-6 


1-561 


45-5 


10-553 


736 


27-538 


•4 


•0009 


60 


•184 


18-0 


i^edi 


460 


10-786 


740 


27-914 


•5 


•0013 


61 


•190 


18-6 


1-745 


46-5 


11-022 


74-6 


28-292 


'6 


•0019 


6-2 


•196 


190 


1-840 


470 


11-260 


75-0 


28-673 


•7 


•0026 


6-3 


•202 


19-5 


1-938 


47-6 


11-601 


76-6 


29067 


•8 


•0034 


6^4 


•209 


20^0 


2-039 


480 


11-744 


76-0 


29-443 


•9 


•0043 


66 


•215 


20-5 


2142 


48'5 


11-990 


76-5 


29-832 


10 


•0051 


6-6 


•222 


21^0 


2-24» 


49-0 


12 239 


77-0 


30-223 


1-1 


•0062 


6^7 


•229 


21-6 


2-356 


49-5 


12-490 


77-5 


80-617 


1-2 


•0074 


6-8 


•236 


220 


2-467 


50-0 


12-741 


780 


31013 


1-3 


•0087 


6-9 


•243 


22-6 


2-580 


.V)-5 


13000 


78-6 


31-412 


1*4 


•0101 


7-0 


•250 


23-0 


2-696 


61-0 


13-258 


79 


31-813 


1-5 


•0115 


71 


•257 


23-5 


2-815 


61-5 


13-520 


79^5 


32-217 


1-6 


•0131 


7-2 


•264 


24-0 


2-936 


62-0 


13-784 


80-0 


32-624 


1-7 


•0148 


7-3 


•272 


24-6 


3-060 


52-5 


14-050 


80-6 


33-033 


1-8 


•0166 


7-4 


•27§ 


25-0 


3-188 


630 


14-319 


81-0 


33-145 


1-9 


•0185 


7-5 


•287 


25-5 


3-316 


536 


14-690 


81-6 


33-869 


2-0 


•0204 


7-6 


t295 


260 


3446 


540 


14-864 


82-0 


34-275 


21 


•0225 


7-7 


•302 


26 5 


3-580 


54-5 


15141 


82-5 


34-696 


2-2 


•0247 


7-8 


•310 


270 


3-7I6 


55-0 


15-420 


88-0 


36116 


2-3 


•0270 


7-9 


•318 


27^5 


3-855 


55-5 


16^701 


83-5 


36-541 


2-4 


•0294 


80 


•326 


28^0 


3-996 


56-0 


15-988 


840 


36-968 


2-5 


•0319 


81 


•334 


286 


4^140 


56-6 


16-272 


84-6 


36-397 


2-6 


•0345 


8-2 


•343 


290 


4-287 


57-0 


16-562 


85-0 


36 829 


2-7 


•0372 


8-3 


•351 


29-5 


4-436 


67-5 


16-854 


85-6 


37-264 


2-8 


•0400 


8^4 


•360 


30^0 


4-588 


680 


17-148 


86-0 


37-701 


2-9 


•0429 


8-5 


•368 


30-6 


4-742 


68-5 


17-446 


86-5 


38-141 


3-0 


•0459 


8-6 


•377 


310 


4-899 


590 


17-744 


87-0 


88-583 


3-1 


•0490 


8-7 


•386 


3r6 


5058 


59-5 


18046 


87-5 


39-028 


8-2 


•0622 


8-8 


•395 


32^0 


6-220 


60-0 


18-361 


88-0 


39-476 


3*3 


-0555 


8-9 


•404 


32-5 


6-3^4 


60-6 


18-658 


88-6 


39-926 


3-4 


•0589 


90 


•413 


83-0 


5-551 


61-0 


18-968 


89-0 


40-377 


8*5 


•0624 


91 


•422 


33-5 


6-721 


61-6 


19-280 


896 


40-832 


3*6 


•0660 


9-2 


•431 


34-0 


6-893 


620 


19-595 


90-0 


41-290 


3-7 


•0697 


9^3 


•441 


34-6 


6-067 


62-5 


19-912 


90-6 


41-750 


3*8 


•0736 


9-4 


•450 


350 


6-244 


63-0 


20-232 


91-0 


42-212 


3-9 


•0775 


9-5 


•460 


35-5 


6-424 


63^5 


20-554 


91-6 


42-677 


4-0 


•0816 


9-6 


•470 


36-0 


6-606 


64^0 


27-879 


920 


43-146 


4-1 


•0856 


9-7 


•480 


36-5 


6-791 


646 


21-207 


92-6 


43-616 


4-2 


•0899 


9-8 


•490 


37-0 


6-978 


65-0 


21-537 


930 


44-088 


4-3 


-0942 


9-9 


•500 


37-5 


7-168 


65-6 


21-869 


93-6 


44-563 


4-4 


•0986 


10-0 


•510 


380 


7-361 


66-0 


22-206 


91-0 


45041 


4-5 


•1032 


10-5 


•562 


38-5 


7 656 


66 6 


22-542 


94-6 


45-522 


4-6 


•1078 


110 


•617 


39^0 


7-753 


67^0 


22-883 


95-0 


46-005 


4-7 


•1125 


11^5i 


•674 


39-5 


7-953 


67-6 


23-225 


95 6 


46 490 


4-8 


•1174 


120 


•734 


400 


8-156 


68-0 


23-571 


960 


46-978 


4-9 


•1228 


125 


•797 


40-6 


8-361 


68^5 


23-919 


965 


47-469 


5-0 


•1274 


130 


•861 


41-0 


8-569 


690 


24-969 


97-0 


47-962 


61 


•1325 


13-5 


•929 


41^5 


8-779 


69-5 


24-622 


97-5 


48-458 


5-2 


•1378 


14-0 


•999 


42-0 


8-992 


70-0 


24-978 


98-0 


48-956 


5-3 


•1431 


14-5 


1^072 


42-5 


9-207 


70-5 


26-336 


98-5 


49457 


54 


•1486 


15-0 


1147 


430 


9-425 


71-0 


25-696 


99 


49-960 


6-6 


•1541 


15-5 


1-225 


43-5 


9-646 


71-5 


26-060 


99-5 


50 466 


5-6 


•1598 


1 "■" 


1306 


44-0 


9-869 


72-0 


26-426 


100 -a 


60'915 
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Example.— k body has acquired a velocity of 117*3 feet per 
second, through what height must it have fallen 7 

H = —-^ = 215 feet, the height of the fall. 
64 

To obviate the necessity of calculating the corresponding heights 
and velocities, we give a very extensive table, calculated for tenths 
of inches. The numbers, however, being equally correct as repre- 
senting feet or yards, those of both columns being of the same 
denomination. 

MOMENTUM. 

250. The force with which a body in motion strikes upon one 
in a state of rest, is equal to the product of the mass of the moving 
body multiplied into the velocity; this product is termed its 
momentum. If a body with a mass, m, is animated with a 
velocity, v, its momentum is equal to m v. The term, m, how- 
ever, may be taken as signifying the mechanical effect of a weight 
falling during a second of time, or through 32 feet, therefore, 

m = - that is, the weight in pounds divided by 32 feet, whence 



What distinguishes the simple momentum or force of impact of 
ft body from the mechanical eflfect of a prime mover is, that whilst 
the former is due to a single impulse, we have in the latter to con- 
sider the continuous action of the impelling force. 

261. When a motive force imparts continuously a certain velo- 
city to a body, the result of its action is what may be termed vis 
vivOf or continuous momentum ; it is numerically the product of 
the (moving) mass multiplied into the square of the velocity im- 
parted to it. 

Putting M to represent the mass of a body, and V the velocity 
impressed upon it, 

MV»or 

9 
is the expression of the vis viva of the body. This force is double 



that developed by gravity. For, in feet, when a body of the 
weight W, falls from a height, H, it acquires from its fall an 
ultimate velocity, V, which we have already shown to be equal to 



V2gU = 



2/ 



and the mechanical effect, W H, is consequently expressed by 
WV» 

now, putting for P its valu«, M ^, the formula becomes 
MV» 
2 ' 
Thus, the mechanical effect developed by gravity is equal to 
half the momentum imparted to a body. 

CENTRAL FORCES. 

252. When a body revolves freely about an axis, it is said to be 
subjected to two central forces ; the one, termed ''centripetal," tends 
to draw the body to the axis ; the other, termed " centrifugal," or 
tangential, and due to the tendency of bodies in motion to proceed 
in straight lines, strives to carry the body away from the centre. 
These forces are equal and act transversely to each other. 

The centrifugal effort exerted by a body in rotative motion, and 
which tends to separate the component particles, b expressed by 
the following formula : — 

WV» 



F = 



VxbT 



m which W represents the weight of the body ; V the velocity in 
feet per second ; and R, the radius or distance of the centre of 
motion from the centre of the revolving body. 

jKajampfe.— Let a ball of the weight W = 23 lbs.', attached to a 
radius, R, measuring 6 feet, rotate with a velocity, V = 40 feet 
per second, what is the centrifugal effort, or the pull of the ball on 
the radius ? 

_ ^^ ^^ ^ iL= 230 lbs. raised 1 foot high per seconi 
32 X 5 ^* 



CHAPTER IX. 

ELEMENTAET PRINCIPLES OF SHADOWS. 



253. We have already, when treating of shadow lines, liud it 
down as a rule to he observed generally, in mechanical or geomet- 
rical drawing, that the objects represented shall be supposed to 
receive the light in parallel rays, in the direction of the diagonal 
of a cube running from the upper left hand comer «f the anterior 
face of the cube, down to the lower right hand comer of the 
posterior face, in the vertical elevation, and in the herisontal plane 
of projection they are taken in the direction of the cabe mnning 
from the upper left hand posterior comer down to the right hand 
lower anterior comer of the cube. 

We have also shown that the horizontal and vertical projections 
of these cubic dii^onals make angles of 45° with the horizontal or 
base line, that is in the direction of the arrow, r\ Fig. 22, Plate 7. 

The advantages of this assumption of the direction of the rays 
of light will, no doubt, have been appreciated. Amongst these, 
it has the merit of at first mght plainly pointing out the relative 
degrees of prominence of the various parts of an object, even with 
the aid of a single projection or view. 



254. This point, then, being determined, on considering an ob- 
ject of any form whatever, as receiving in this way the parallel rays 
of light, it may be conceived that these rays will form a cylindri- 
cal or prismatical column, the base of which will be the illuminated 
outline of the object. The part met by these rays of light will 
be fully illuminated, whilst the portion opposite to this will be as 
entirely void of light. The absence of light on this latter part 
may be termed the shadow proper of the object — ^that is, its own 
shadow upon itself, and the line of separation of these two parts on 
the object itself, is termed the line of separation of light and shade 
of the shadow proper. 

255. If further, we suppose the luminous rays surrounding the 
object to be prolonged until intercepted by the surface upon, or 
adjacent to which it lies, a portion of such surface will be in 
shadow, because of the interception of some of the rays by the ob- 
ject ; the outline of this unilluminaled portion will be limited by, and 
depend upon the contour of the object, and the adjacent surface; it w 
termed the shadow oast or throum, by an object on such a sarfaoe. 
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The line which separates the illuminated from the unilluminated 
portion is tormed the line of separation of light and shade, or the 
oaUine of the shadow. This is modified hy the form of the reci- 
pient surface, as well as hj that of the ohject which gives rise to it. 
It ifi always bounded by straight lines when the generating surfaces 
are planes ; and by curves, when either or both are cylindrical, 
conical, spherical or otherwise curved. 

256. As a general rule, the determination of the outlines of 
shadows proper, and cast, reduces itself to the problem of finding 
the point of contact of a straight line representing a luminous ray, 
with a plane or other surface. The application, however, of this 
general principle, though apparently so simple, gives rise to many 
difficulties in practice, from the variety of cases presented by the 
(iifferent forma of objects, and it is necessary to give several special 
examples, to explain the most simple and expeditious modes 
which may be employed in such cases, always with a due regard 
to geometrical accuracy. 

We shall primarily choose for these applications objects of sim- 
ple form, and bounded by plane surfaces ; next such as are wholly 
or partially cylindrical ; and we shall proceed, in succession, to 
objects of more complex forms. The objects which we have taken 
ia preference, as examples, are such as are most frequently met 
with in machinery and architecture ; they will, notwithstanding, 
aford quite sufficient illustration in connection with what has to 
be said respecting the study of shadows. Several of the most 
simple objects we propose taking for this purpose, are represented 
in vertical elevation in Figs. I, 2, 3, 4, and 5, at the top of this 
plate, completely shaded, and having the shadows well defined 
according to the principles now to be discussed under various heads. 

SHADOWS OF PBISMS, PYRAMIDS, AND CYLINDERS. 

PLATE 26. 

PRISMS. 

257. Let the Figures 6 and 7 be given, the vertical and hori- 
zontal projections of a cube, it is required to determine the form 
of the shadow cast by this cube on the horizontal plane. 
In the position given to this cube it is easy to see that the sides 
I whkh are iu the light are the top face, a D b c, of the cube, and those 
' represented by the lines a d, and d^ b, in the horizontal projection, 
J >Bd projected vertically in ▲* c^ a' e^ and a} o^ b* eS the side d b 
I heii^ exactly posterior to a c, or a^ c* b^ e\ the front face of the 
I cube. The opposite faces, o b and c a. Fig. 7, and b* c>, b^ e\ 
Fig. 6, are consequently in the shade ; as, however, these latter 
&oes are reduced to mere lines in the representations, the shadow 
proper can only be shown by a thick shadow line, produced by 
China ink in line drawings, and by a narrow stroke of the brush in 
water-colour drawings. 

These lines, which distinguish the illuminated sides of the cube 
from those which are not so, are termed, as we have said, the lines 
of separation of light and shade. It now only remains to find the 
shadow cast by the cube on the plane, l t. 

258. When the cube rests on the horizontal plane, as shown in 
this case, and has a side parallel, also to the vertical plane of 
projection, the width of the shadow cast by it in the horizontal 
plane, is exactly equal to its height ; thus to determine its outline, 
we draw straight lines from each comer of the cube, representing the 
rays of light, as A a, c c, B 6, parallel to the arrow, b\ Fig. 7, which 
is the direction of the rays of light, proper to it. The arrow, b, 
lieing only the horizontal projection of the arrow, b', in Fig. 6, and 



the direction of the rays of light, proper to the elevation. Having 
drawn these lines, it is now merely requisite in such cases as this 
to limit or intersect them by the two lines, ca, ehf drawn parallel 
to G A, c B, and at a perpendicular distance or width, o a, c 6, from 
the latter equal to the height of the cube, a' e\ which gives the 
lines, A a, a c, c 6, and b b, forming the outline of the shadow cast 
by the cube, a d b c, in the horizontal projection or plan. Fig. 7, 
the shadow being indicated by a light ruled flat tint. Another 
mode of finding the points, a, c, 6, in which these lines, a a, c c, 
B b meet in the horizontal plane, is to draw through the points, c^ 
and AS Fig. 6, the projections of the two first. A, o, the rays, c^ c* 
and A^ bS parallel to b^ and meeting the base line, l t, in c^ and b^ 
' If now, through these points, we draw perpendiculars to the base 
line, as e^ c, b^ a, these will cut the first rays in a, c, and ft. The 
contour of the shadow cast is thus limited by the lines cCf ch,h d^ 
and </ D, as in the first case. 

The face, b^ b^ being that on which the cube rests, has no pro- 
minence, and cannot therefore cast any shadow. It follows, then, 
that the shadow, as above determined, is all that is apparent It 
is generally represented by a flat, uniform shade, laid on with the 
brush, and produced by a greyish wash of China ink. 

259. It will be observed that the lines, a c and c 6, are parallel 
to the straight lines, a c and c b. This is because these are them- 
selves parallel to the horizontal plane ; for when a line is parallel 
to a plane (85), its projection on this plane is a line parallel to itself; 
and hence we have this first consequence, that — 

When a straight line is parallel to the plane of projection, it casts 
a shadow on the plane, in the form of an equal and parallel straight 
line. 

260. It will also be observed, that the straight lines, a a, c c, b &, 
which are the shadows cast by the verticals, projected in the points, 
A, G, and B, in the horizontal plane of projection, are inclined at an 
angle of 45" to the base line ; whence we derive the second conse- 
quence, that — 

When a straight line is perpendicular to the plane of projection, 
it casts a shadow on the plane in the form of a straight line, parallel 
to the rays of light, and consequently inclined at an angle of 45"* to 
the base line. 

261. These observations suggest a means of considerably simpli- 
fying the operations. Thus, in place of searching separately for 
each of the points, a, c, b, where the rays of light pierce the hori- 
zontal plane, it is sufficient to determine one of these points, such 
as c, for example, and through it to draw the straight lines, ca,cb, 
parallel and equal to the sides, a g and c b, of the cube and 
intersecting lines, inclined at an angle of 45*" drawn from the 
points. A, B. 

In the actual case before us, we may even entirely dispense with 
the vertical projection, Fig. 6, since it would have been sufficient 
to prolong the diagonal, D o, to c, making c c equal to c d, or to 
make the inclined lines, a a, or o c, equal to the diagonal, d g ; 
because the vertical projection, c^ c^ and horizontal projection, c c, 
of the same ray of light, are always of the same length, which 
follows from our having taken the diagonal of the cube for the 
direction of this ray, the two projections, a' b^ a b, and d c, of this 
diagonal being obviously equal Whence follows the third conse- 
quence, that — 

J[f, through any point of which the tu>o projections are given, we 
draw a straight line, representing the ray of light, and if we ascer* 
tain the point iu which this ray meets either plane, the length qfthe 
ray in the other plane of projection will be the same. 
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262. Finally, it is to be observed that the distance, c a or c &, 
taken on the prolongation of the lines, o B, or o ii, are equal to the 
entire height, c* B>, namely, that of the cube ; and consequently, 
In place of employing the diagonal to obtain the various points, a, 
c, by we may make the distance, c a, equal to the height of the 
cube, and draw, through a, a straight line, a c, parallel and equal 
to A 0, and through c, a second, c 6, parallel and equal to c B, and 
then join a a, B 6, as already shown (268), whence follows the 
fourth consequence. 

Thu8 the shadow east on a plane hy a pointy is at a distance from 
the projection of the point, equal to the distance of the point itself 
from the plane. 

263. Figs. 8 and 9 represent a prism of hexagonal base, in verti- 
cal and horizontal projection, but instead of resting on the base 
line it is supposed to be elevated some distance above and parallel 
to the base line. 

In the elevation, Fig. 8, it will be seen that the vertical faces 
which are illuminated are those projected in the horizontal view, Fig. 
9, by the lines, F a, a B, and B c, the two latter only of which are 
visible, whilst the opposite ones, represented by the lines, F x, B d, 
and D c, are in the shade. 

Of these Utter the face, D o, only is visible in the vertical projec- 
tion, Fig. 8, and represented by the rectangle, c* D^ h o, which 
should be shaded to a deeper tint than the cast shadows, to distin- 
guish it. 

264. The operations by which we determine the shadow cast 
upon the horizontal plane, is evidently the same as in the preced- 
ing case ; still, since the lower base, J* hS does not rest upon the 
horizontal plane, it will not be sufficient merely to draw the rays 
of light through the points, B, o, d, e, of the upper side ; it is, in 
addition, necessary to draw corresponding rays through the points, 
j», i», o*, H», of the base. 

It is to be observed, as in the preceding case, that as these two 
faces are parallel to the horizontal plane, the shadow cast by each 
upon this plane will be a figure equal and parallel to itself; so that, 
in place of seeking all the points of the shadow, it would have 
been quite sufficient to obtain one of these points, as d^ for exam- 
ple, of the upper side, and h or t, of the lower side, and then, 
starting from them, to draw a couple of hexagons, parallel and 
equal to a b o D B F. 

It will also be understood, that as it is only the outside lines, 
those of the separation of the light and shade, which make up the 
contour of the shadow, it is not necessary to determine the points 
which fall within this contour, and correspond to those points in 
the objects itself which do not lie in the lines of separation of the 
illuminated and shaded parts. 

265. Thus it is unnecessary to find the points, a,/, g, h; and gener- 
ally, in making drawings, we do not seek the shadows cast by 
points fully illuminated, or within the borders of the shaded portion; 
and the contour of the shadow is derived simply from points lying 
in the line of separation of the light and shade on the object. 

266. From what we have already explained, it will be gathered, 
that the projection in one plane of the shadow, cast by a point, can 
be obtained by drawing the diagonal of the square, a side of which 
is equal to the distance of the point from the plane, as shown in 
the other projection. 

For example, the shadow, t , on the horizontal plane of the point, 
i^, the two projections of which are l^ and b, Figs. 8 and 9, may be 
got by forming the square, b 2 1, a side of which, B /, is equal to the 
distance, i* /*, of the point from the horizontal plane. 



In the same way, we have the poiirt», hf g, /, correspotidinif to 
B, o, J, which are the same height a» tbe first above the 
plane. 

For the points, 5, c, d^ e, which correspond to the upper tide, 
Ai d\ of the prism, we draw the diagonal, p* cP, of the square, 
having for a side the height, d* m, of the point, D<, above the 
horizontal plane, and set out this diagonal from B to (, c to «, d to 
d, and E to «. 

PTRAMm. 

267. When several straight lines converge to s point, the shtdowa 
they cast on either plane of projection must necessarily, also, eon- 
verge to a point. Thus, in the pyramid, Fige. 10 and 11, the apex 
of which is projected in the points, 8 and s', the edges of all the 
sides being directed to this point, cast shadows on the borizootal 
plane, bounded by lines converging to the poi«t, <, the shadow cast 
by the apex on the same plane. In order, then, to find the shadow 
cast by a pyramid, on either of the planes of projection, it is suffi- 
cient to draw the ray of light through the apex, and ascertain the 
point at which this ray meets the plane ; then to draw lines to thi» 
point from all the angles of the base of the pyramid, if thi» rests 
upon the plane. If, however, the pyramid i» rabed above the 
plane, it will be necessary to find the shadow^ cast by the various 
angles of the base, and then draw straight liiiea from these to the 
shadow of the apex. 

TBUNCATED PTRAMIB, 

268. When we have only the frnaFtmn of a pyramid to deal with, 
and the apex is not given, it is necessary to find the shadowB cast 
both by the angles of the base, and by those of the surface of tron- 
cation. Thus, the points, e, f, o, h, of the upper side, caat their 
shadows on the horizontal plane, in the pointa, e, f g, A, which are 
obtained by drawing through each point, in the vertical projection, 
E*, F\ Q\ Hi, the rays inclined at an angle of 45", meeting the ba&e 
line in the points, c*, /', g\ A», which are sqvsred over to the hori- 
zontal projection, so as to meet the corresponding rays, drawn 
through the points e, f, o, h. Then, if we draw lines from the 
points, e, /, g, A, to the angles, a, b, c, n, situated in the horizontal 
plane, we shall obtain the shadows east by each of tbe lateral edges 
of the pyramid* 

For the same reason that these edge* are divenely inclined to 
the horizontal plane, the shadowa cast by them on this plane have 
also different inclinations to the base line ; but tbe edges of the 
upper side or surface of truncation being parallel to this plane, 
cast a shadow, which in figure is equal and parallel to this side ; 
this would not have been the case had it been inclined to tbe plane. 
It is evident that, in the position in which the pyramid is repre- I 
sented with regard to the rays of light in the horizontal projection, | 
Fig 11, the two faces a e h d and d h o c, are in the light, whilst 
their opposites, a e f b and c o r b^ are in the shade. But in tbe 
direction, the light falls upon the vertical projection. Fig. 10, it is 
the sides d h o c and c a f b, which are in the shade, the last one 
being visible in this figure ; all these shadsd sides being distinguished 
by a moderate tint of colour. 

CTLINOKB. 

269. A cylinder with a circular base being a tegular solid, all 
that is wanted, in determining the Knes of separation of light and 
shade, is, when the cylinder is vertical, to draw a couple of planes 
tangential to it, and parallel to the rays of light,^a» in Pigs. 12 and 
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13. These tuigential planes are projected in the horizontal plane, 
ia the lines, a a, b &, tangents to the circle ; and inclined at the 
angle of 45°. Then hy the points of contact of the diameter B F, 
It right angles to the arrow, m, with the circle, give the lines of 
ficparation of light and shade, proper to Fig. 12, which are projected 
Tertically in b» c* and e» d*. The last of these lines is apparent on 
this Tiew, hut the other is not We have thus, in Fig. 13, the 
p<»tioii, A E B, of the cylinder, in the light, and its opposite, a f b, 
m the shade, and in Fig. 12, the portion, e b f, in the light, and 
K A r, in the shade. A small portion of this last only is seen there, 
and It ts slightly shaded to distinguish it from the light part. 

270. With referenoe to the oast shadow, it is to he remarked, that 

for the very same reason that the lines of separation of light and shade 

are rertical, tke shadows they will cast on the horizontal plane will 

be ia two tines, e a and d &, with an inclination of 45^ as already 

explained, these lines heing identical with the prolongation of the 

tangential rays. The two bases of the cylinder being parallel to the 

i konzontal plane, their shadows will be circles equal to themselves ; 

< aad all that is required is to find the shadows, it, o, cast by their 

I reipective centres, v\ and C, and with the points, n^ o, as centres, 

. to describe drdea, with a radins equal to o a. The entire shadow 

4 east by the cylinder is comprised between the two semicircles and 

the two tangents, ca^dh, 

SHADOW CAST BY 0KB CYLINDER UPON ANOTHER, 

271. Hitherto we have only ooosidered the shadow cast by an 
object upon one of the places of projection. It frequently happens, 
hovever, that one body casts a shadow on anothec, or that the 
eonfiguration of the body itself is such, that one part of it casts a 
shadow on another. 

Let Fig. 14 be the vertical projection of a short cylinder. A, with 
aconeeBirie<3rlindriea! head, B. We have, in the first place, to find 
the tine of separation of light and shade upon these two cylinders ; 
aad for thtt purpose we require to draw a second vertical projection, 
Hg: 15, St right angles to the first, and in the line of its axis. In 
these figures the projection of the ray of light is in the direction of the 
vrov, &(, at an angle of 45° with the base line. We must, con- 
6«qQently, draw the two straight lines, & & and o> 4\ tangential 
to the circles, a^ and n*, and project, or square over^ the points of 
contact, e\ and d\ to Fig. 14, drawing the lines, ah sad d d, which 
^epsEste the light from the shaded part of the objects. Instead of 
drawing these tangents, we can directly obtain both points of 
eontact, by drawing the radius, o c> d^, at right angles to the ray 
of light, a». 

272. The shadow cast by the projecting head, b, upon the 
«ylitder, a, is limited to that due to the portion, d^ c^ h^ of the 
eifcmafereQce. Different points in the outline of this shadow are 
determined, by first talcing any points, c*, e, r\ o^ upon the arc, 
<^ c> B*, and drawing through each of them lines representing the 
parallel rays of light, and meeting the circumference of the cylin- 
der, A*, ia the points, e\ «*, ^, ^. Having projected the first- 
menttoned points on the base, d H, Fig. 14, draw through the points, 
c, E, F, o, a Mries of lines paralldi to the first, and likewise represent- 
ing the rays of light, and square over the points of contact, c*, e\ 
/» fS which will give the points, «, «,/, 5, of the carve, which is 
the QntHne of the shadow upon the cylinder, a^ 

As shown in a former example, instead of squaring over the points, 
e*, e*,^, ,9«, we earn obtain tke same result by making the corres- 
poii£ng caysy c «, c<, rf^ a y, equdl to tke lines, c^ c\ b' e\ f*/^, 



shadow cast BT a cylinder UPON A PBJSM. 

273. Figs. 16 and 17, represent two vertical projections of a prism, 
A, of an octagonal base, having a cylindrical projecting head, b. 

As in the preceding case, draw the radius, o d}, perpendicular to 
the ray of light, thereby obtaining the point of contact, </^, and in 
consequence, the line of separation, d d, of light and shade on the 
cylindrical head, b. 

The inclined facet, c^ i\ of the prism, being in the direction of 
the ray of light, and, consequently, inclined at an angle of 45° with 
the vertical plane, is considered to be completely in the shade. 
The edge line, a 6, Fig. 16, is therefore the line of separation of 
light and shade on the prism-shaped portion of the object, and the 
surface, abid, is consequently tinted. The shadow cast upon the 
prism by the overhanging head, b, reduces itself to that due to the 
portion, c* f^ hS merely, of the circumference of the latter, and it 
falls upon the two faces, c»/^ and/i h\ of the latter. 

The lines indicated on the diagram, with their corresponding 
letters, when compared with those of the preceding example, will 
show that the operations are precisely the same in botii cases, and, 
in the latter, the curves, c efand/g A, are the resulting outlines 
of the shadow. In general, it is unnecessary to obtain more than 
the extreme points of ^he curve, and another near the middle. 
Through the three points thus obtained, arcs of circles can then be 
drawn. The curves are, however, in reality elliptical. 

SHADOW CAST BY ONE PRISM UPON ANOTHEB. 

274. Figs. 18 and 19 represent a couple of vertical projections, 
at right angles to each other, of a prism of an octagonal base, sur- 
mounted by a similar and concentric, but larger prism. Although 
the operations called for in this case are precisely the same as in 
the two preceding, still it is an exemplification which cannot be 
omitted ; and its chief use is to show, that 

The shadow cast by a straight line upon a plane surface is in- 
variably a straight line ; and^ consequently, it is suffieierU to deter- 
mine its extreme points, in order to obtain the entire shadow in any 
one plane. 

Thus, the straight line, b& oS casts a shadow upon the plane 
facet, /^ e^, which is represented by the straight hue, e c, in Fig. 
18. 

It is further obvious, that 

The shadow cast upon a plane surface, by any line parallel to it, 
must be parallel to that line. 

Thus, the straight line, B> a\ of the larger prism, B, being 
parallel to the plane facet, /> g\ of the prism, a, casts a shadow 
upon the latter, which is represented by the straight line, fg, 
parallel to the line, f o, Fig. 18, the vertical projection of the edge, 
F^ Qi. It is not, however, the same with the portion, ef, because 
the corresponding portion, k* f*, of the edge of the larger prism, is 
not parallel to the facet, /^ e\ or/^ c*, but, having found the two 
points,/, e, they are simply joined, and /e is, as above, the outline 
of the shadow cast by the edge part, f E, of the prism, b, on the 
faoe,y^ c*, of the prism, a. 

SHADOW CAST BY A PBT8M UPON A CYLINDER. 

275. Figs. 20 and 21 represent vertical projections, at right 
angles to each other, of a portion of an iron rod, a, surmounted by 
a concentric head, b, of a hexagonal base. The main object of this 
diagram is to show, that 

When a right cylinder is parallel, or perpendicular, to a plane of 
projection, any straight line, which is perpendicular to the axis of 



112 



THE PRACTICAL DRAUGHTSMAN'S 



the cylinder J and parallel to the plane of projection^ easts a shadow 
upon the cylindrical surfaeef which is represented by a curre, similar 
to the cross section of such surface. 

If, therefore, the cylinder is of circular base or cross section, as 
we have supposed in the present case, the shadow cast upon it will 
be a portion of a circle, of the same radius as the cylinder. Thus, 
the straight line, D* f*, situated in a plane, at right angles to the 
axis of the cylinder, a, and being, at the same time, parallel to the 
vertical plane, casts a shadow upon the cylinder, which is repre- 
sented by the portion, c <»/, of a circle, the centre, o^ of which is 
obtained by drawing through the point, o, a line, o i, representing 
the ray of light, and extending to the prolongation of the edge, 
D» F'. The line, o i, cuts the circumference of the cylinder in the 
point, i», which is squared over to t, upon the other projection, H t, 
Fig. 20, of the ray, o i. The lower point, c, is obtained from the 
upper one, t, being symmetrical with reference to the axis of the 
cylinder. The ray, H t, being continued to the axis, cuts it in the 
point, 0*, which is, consequently, the centre of the arc, c e ♦, the 
radius, t o' or c o», of which is equal to that, o »*, of the cylinder. 

276. The edge, f* n\ although situated in a plane perpendicular 
to the axis of the cylinder, is not parallel to the vertical plane, and 
does not, therefore, cast a shadow of a circular outline upon the 
cylinder, but one of an eUiptical outline, sAfgh, which is obtained 
by means of points, the operations being fully indicated on the 
diagrams. If the head, b, which casts a shadow upon the cylinder, 
were square, instead of hexagonal, as is often the case, one of the 
sides of the square, as i h». Fig. 21, being perpendicular to the 
vertical plane, would cast a shadow on the cylinder, having for 
outline the straight line, h t, making the angle of 45° with the axis. 

Thus, whenever a straight line is perpendicular to the plane of 
projection, not only is its shadow, as cast upon this plane, a straight 
Une, inclined at the angle of 45° but it is also the same on an object 
projected in this plane, no matter of what form. 

Observation. — In the four examples last discussed, we have 
only represented half views of the objects in the auxiliary vertical 
projections. Figs. 15, 17, 19, and 21, this being quite suflScient for 
determining the shadow, as it is only that produced by this half 
which is seen. It is obvious, that the same operations will answer 
the purpose, whether the axis of the object be horizontal or vertical, 
the only difference being the different direction of the light, which 
must always be attended to. 

SHADOW CAST BY A CYLINDER IN AN OBLIQUE POSITION. 

277. In Figs. 22 and 23 we have given the vertical and horizontal 
projections of a right cylinder, having its axis horizontal, but inclined 
to the vertical plane. As in this oblique projection we cannot obtain 
the points of contact of the luminous rays with the base in a direct 
manner, it becomes necessary to make an especial diagram, in order 
to determine the lines of separation of light and shade, which are 
always straight lines, parallel to the axis of the cylinder. In this 
instance we have supposed the light to come in the direction of the 
line, B, o, in the horizontal projection. Fig. 23, and a o is the pro- 
jection of B* o*, in the horizontal plane, and b* o*, the projection of 
B o, in the vertical projection. 

To this effect, we shall make use of a general construction, sus- 
ceptible of application to a variety of such cases. This construction 
consists in determining the projection of the luminous ray, in any 
given plane, perpendicular to either of the geometrical planes, 
whence may be derived its form and aspect in either of the latter 
planes. It follows, that if we have any curve in the given plane, 



we can easily find the point of separation of the light and shade 
situated upon this curve, by drawing a couple of tangents to it, 
parallel to the ray of light projected in this plane, and transferred 
to the other plane of projection. 

Thus, let B o and b} o» be the projections of the luminous ray : 
it is proposed to find the projection of this ray upon the plane, a h, 
of the base of the cylinder. To obtain this, project the point, », 
to r, by means of a perpendicular, to a b, and r o represents the 
horizontal projection of the ray of light upon the plane, a h ; and 
the vertical projection, r" o», is obtained by squaring over the 
point, o to o*, on the base line, and the point, r to r*, on the hori- 
zontal, B» e\ and then joining o* r*. Next, draw tangents to the 
ellipses, which represent the vertical projections of the ends of the 
cylinder. Fig. 22, making these tangents parallel to the ray of light, 
r* o». Their points of contact give, on the one hand, the first line, 
c* d^, of separation of light and shade, which is visible in the Terti- 
cal projection, and,, on the other baud, the second line, e^f>, which 
is not visible in that projection. 

By squaring over these point* of contact, respectively, to the 
two ends, a b and g h, of the cylinder, in the horizontal projection, 
we obtain the corresponding lines of separation of light and shade, 
c d and f e, t» in the horizontal projection ; the former of vhich 
is invisible, whilst the latter is visible. 

These same lines, c d and/c. Fig. 23, can be obtained indepen- 
dently of the vertical projection. Fig. 22, in the following maimer : 
— Draw an end view of the cylinder, as at a- 6-, having its ctnlre 
in the continuation of the cylinder's axis. Upon this end view, 
also, draw the ray of light, as projected upon the base, after de- 
scribing the circle, a' m b^, with the radius, o a ; make r r- eqnal 
to the height of the point, b^ above the bottom of the cyHnder, 
thereby obtaining the line, o r*, representing the ray of light iipon 
the end view of the cylinder. Next, draw a couple of tangents to 
the circle, a* m 6«, parallel to o r*, and their points of contact, c^, A 
will represent the end view of the lines of separation of light and 
shade, which are transferred to the horizontal projection, Fig. 23, 
by perpendiculars drawn from them to the straight line, a h. 

278. When the shadow proper, of the cylinder, has been this 
determined, it will not be difficult to find the outKne of its shadow 
cast upon the horizontal plane. In the first place, the shadows of 
the two bases are found, being in the form of ellipses ; and next, 
those, c' cP and/* e*, cast by the lines, c d and/e ; namely, these 
of the separation of light and shade upon the object itself. These 
lines will necessarily be tangents to the ellipses, representing the 
shadows of the bases. It may be observed that the transverse axis 
<^ the ellipses are parallel to the Gne, r* o. 

If the cylinder were inclined at an angle of 45° t» the vertical 
plane, still remaining parallel, however, to the horizontal plane, the , 
lines of separation of light and shade would, in the horizontal pro- 
jection, be confounded with the extreme generatrices, or outlines, of 
the cylinder, the visible semi-cylinder being wholly in the light, 
and the opposite semi-cylinder wholly in the shade. In the vertical 
projection, the Ifne of separation would be in the fine of the axi^s 
and would divide the figure horizontally into two equal parta 

Obsebv ATION. — The shadows proper and cast, shown in the several , 
Figures, 1 to 23, are not to be taken as examples of the strength 
or gradation of light and shade proper to the object in the circum- 
stances described, as they are merely represented by a fight flat 
tint, formed of fine lines, to indicate the form of the shadow, and 
yet not obscure the dotted lines necessary to the construction and 
projection of the shadow in the several planes of projection. 
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279, Figs. 1 to 5, at the top of this- plate, represent several 
simple objects completely shaded, in accordance with the principles 
just discussed, in reference to Figs. 6 to 23, and besides being given 
as examples of the depth of shade and shadow due to the several 
parts may be taken as good examples in line shading. When 
shading a cylinder, Fig. 3, according to this system, the student 
ought to commence at b, with moderately thick lines, drawn very 
closely together, but gradually getting wider and finer until they 
cease to be visible at the light part, a, where a small portion of the 
surface is left pure white, and then a reverse gradation of fine lines 
are recommenced, gradually Becoming stronger and closer until 
they attain their maximum strength at e, where they again tbke 
a reverse gradation^and become rather wider and lighter, and finally 
end at the lower circumference, d, with a line rather thicker, and 
producing a darker shade than that of the dariiest part, b, of the 
light side of the cylinder. This shading, when properly executed, 
gives the shading due to the rotundity of the object, as well as that 
of the shadow proper cast on the shade side of the cylinder itself, 
and due to the strength and direction of the light. In regard to 
the shadow cast on the cylinder. Fig. 4, the lines in it ought to 
get stronger and closer at the part,, a, producing a reverse shade to 
that just described, in reference to the shading of the object itself, 
the h'nes of this shadow die away into the proper shading of the 
cylinder, at b and c. The principles for such line shadows, are in 
a great measure the same as that for colour shading, which will be 
treated of in reference to Plate 27. 



PRINaPLES OF SHADING* 
PLATE 27. 

280. Before proceeding to the further study of shadows, .we 
must observe that the shadows, proper and cast — which ha^e been 
simply represented by flat tints, so as not to render the diagrams 
confused — should be modified in intensity according to the form of 
the objects, and likewise the position of their surfaces in reference 
to the light, and to the eye of the spectator. The study of shading 
carries us somewhat into the province of the non-meohanical 
painter, who is guided by his taste rather than by mathematical 
rules ; still, whilst we acknowkdge the difficulty of laying down 
an exact theory on this subject, we would recommend the following 
systematic methods, which will render the first difficulties of the 
study more easily surmountable. 

In painting, and in every description of drawing, the effects of 
light and shade depend upon* the following principles : — 

ILLUMINED SURFACES. 

281. When an illumined surface has all its points at an equal 
distance Jrotn the eye, it must receive a clear shade of uniform 
intensity throughout. 

Id geometrical drawing, where all the visual rays are supposed 
to be parallel and perpendicular to the plane of projection, all sur- 
faces parall'el to this plane have all their points equally distant 
from the eye : such is the plane and vertical surface, abed, of 
the prism, Fig. 3. 

282. Of two such surfaces, disposed parallel to each other, and 
illumined in the same manner, tJiat which is nearer to the eye should 
receive a shade of less intensity. 

283. Any illumiTted su/rfaee, inclined to the plane of the picture, 
having its points at varying distances from the eye, should receive a 
ihade of varying intensity. 



Now, according to the foregoing principle, it is the most 
advanced portion of an object which ought to be the lightest 
in colour ; this effect is produced on the face, a d f e, which, as 
shown in the plan, Fig. 4, is inclined to the vertical plane of pro- 
jection. 

284. Of two illumined surfaces, that which is more directly pre- 
sented to the rays of light should receive a shade of less intensity. 

Thus the face, c» o». Fig. 4, being presented more directly to the 
light than the face, a> J\ is covered with a shade which, being 
graduated because of the inclination to the plane of the picture, is 
still, at the more advanced portion, of less intensity than that of 
the latter face. It is near the edge, a d; that the difference is more 
sensible. 

SURFACES IN THE SHADE. 

285. TFlien a surface in the shade is parallel to the plane of 
projection, or of the picture, it must receive a deep tint of uniform 
intensity throughout. 

An exemplification of this will be seen on the fillet, b. Fig. 7, 
Plate 28, which is parallel to^ the vertical plane : the difference of 
shade upon this fillet, in comparison with that upon the more pro- 
jecting portion, a, which is parallel to it, but in the light, distinctly 
points out the difference between an illumined surface and one in 
the shade, in conformity with the two principles, 281, and 285, just 
enunciated. 

286. Of two parallel surfaces in the shade, that nearer the eye 
should receive the deeper tint. 

Thus, the shadow cast upon the fillet, b. Fig. 7-) Plate 28, is 
sensibly deeper than that cast by it upon the vertical plane, which 
is more distant. 

287. When a surface in the shade is inclined to the plane 
of the picture, the part nearest to the eye should receive the deepest 
tint. 

The face, b g h c, Fig 3, Plate 27, projected horizontally in J» g\ 
Fig. 4, is thu9 situated. The shade is made considerably deeper 
near the edge, b c, than near the more distant one, g h, 

288. When iuw surfaces in the shade are unequally inclined, with 
reference to the direction of the rays of light, the shadow cast by any 
object should be deeper upon that which receives it more directly. 

Thus, the shadow, a d f e, cast upon the face, f, of tAie 
prism, Fig. 5, Plate 26, should be slightly stronger than that 
cast upon the face, o, because the first is more directly presented 
to the light than the second, as shown by the lines,/* A> and/* c\ 
Fig. 17. 

These first principles are exemplified in the finished figures, 1, 2, 
3, 4, and 5, Plate 26, also in those of 3, 11, 16, and 19, of plate 27, 
and in subsequent ones. 

As in order to produce the gradations of shades, it is important 
to have some knowledge of actual colouring or shading by means 
of the brush, we shall proceed to give a few short explanations of 
this matter. 

Two methods of producing the graduated shades are in use- 
one consisting in laying on a suocession of flat tints ; the other,- in 
softening off the shade by the manipulation of the brush. 

We have already said two or three words about the laying on of 
flat tints, when treating of representing sections by distinguishing 
colours (139). These first precepts may serve as a basis for the 
first method of shading, which is the less difficult of the two for 
beginnera. In fact, according to it, the graduated shade is pro- 
duced by the simple superposition of a number of fiat tints. 
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FLAT-TINTED SHADING. 

289. Let it be required to shade a prism, Fig. 3, Plate 27, with 
flat tints : — 

According to the position of this prism, with reference to the 
plane of projection, as seen in Fig. 4, it appears that the face, a* 6», 
is parallel to the vertical plane, and is fully illumined ; it should, 
consequently, receive a clear uniform tint, spread over it by the 
brush, and made either from China ink or sepia, as shown upon 
the rectangle, a, 6,'c, rf. Fig. 3. When the surface to be washed is 
of considerable extent, the paper should first be prepared by a very 
light wash, the full intensity required being arrived at by a second 
or third (139) ; a very narrow light part being left round the edges 
nearest the light, as shown at a 5, a J, Fig. 3. 

The face, 6* ^*, being inclined to the vertical plane, and com- 
pletely in the shade should receive a tint (285) deepest at the edge, 
h c, and gradually less intense towards ff h ; this is obtained by 
laying on several flat shades, each of different extent. For this 
purpose, and to proceed in a regular manner, we recommend the 
student to divide the face, b^ ^S Fig. 4, into several equal parts, as 
in the points, 1*, 2*, and through these points to draw lines parallel 
to the sides, h Cy g /*, Fig. 3. These lines should be drawn very 
lightly indeed, in pencil, as they are merely for guides. A first 
greyish tint is then spread over the surface comprised between the 
first line, 1 — 1, and the side, i c, as in Fig. 1 ; when this is quite 
dry, a second like it is laid on, covering the first, and extending 
from the side, 5 c, to the line, 2 — 2, as in Fig. 2. Finally, these 
are covered with a third wash, as in Fig. 3, extendrag to the outer 
edge, ff A, and completing the graduated shade of the rectangle, 
b c h ff. 

The number of washes by which the gradation is expressed, 
evidently depends upon the width of the surface to be shaded ; and 
it will be seen that the greater the number of washes used, the 
lighter they should be, and the lines produced by the edges of each 
will be less hard, and a more beautiful effect will result. 

The student must remember to efface the pencilled guide-lines, 
as soon as the first washes coming up to them are sufficiently dry. 

290. This method of overlaying the washes, and covering a 
greater extent of surface at each succeeding time, is preferable to 
the one sometimes adopted, according to which the whole surface, 
b ff h c, is first covered by a uniform wash ; a second being then 
laid over b 2 — 2 c ; and, finally, a third over the narrow strip, 
b 1 — 1 c. Fig. 3. When the shade is produced in this manner, the 
edges of the washes are always harder than when the washes are 
laid on as wc recommend — the narrowest first — for the subsequent 
washes, coming over the edge of each preceding one, soften it to a 
considerable extent. 

The face, c* oS Fig. 4, being likewise inclined to the vertical 
plane, but being wholly illumined, should receive a very light 
shade (283), being, however, a little bolder towards the outer edge, 
eff Fig. 3. The shade is produced in the same way as that of the 
face, b^ ff^f but with much fainter washes as shown in the same, 
Figs. 1, 2 and 3. 

291. Let it be proposed to shade a cylinder, as shown in vertical 
and horizontal projections in Figs. 11 and 12, with a series of flat 
tints : — 

In a cylinder, it is necessary to give the gradations of shade, both 
of the illumined and of the non-illumined portion. In reference to 
this, it will be recollected that the line of separation, a 6, of light 
and shade, is determined by the radius inclined at an angle of 45° 
to the vertical plane, or as o a, Fig. 12, perpendicular to the ray of 



light, R o, which is the projection of the ray of light proper to the 
vertical projection, Fig. 11 ; consequently, all the shadow proper, 
which is apparent in this projection, is comprised between the line, 
a ft, and the extreme generatrix, c d. Consequently, according to 
the principle already laid down (286), the ^ade of this portion of 
the surface should be graduated from o 6 to c rf, as was the case 
with the inclined plane surface, 6* ff\ Fig. 4, the greater intensity 
being towards a b, \ 

On the other hand, all that part of the cylinder comprised be- 
tween the line, a &, aod the extreme generatrix,/^, is in theiight; 
at the same time, from its rounded form, each generatrix is at a 
different distance from the vertical plane of projection, and makes 
different angles with the ray of light. Consequently, this portion 
of the surface should receive graduated shades (283). To express 
the effect in a proper manner, it is necessary to know what part of 
the surface is the clearest and most brilliant ; and this is evidently 
the part about the generatrix, e t, Fig. 11, situated in the vertical 
plane of the ray of light, B o. Fig. 12. In consequence, however, 
of the visual rays being perpendicular to the vertical plane and 
parallel to the line, v o, the portion which appears to the eye to be 
clearest will be nearer to this line, v o, and may be limited on the 
one hand, by the line, T o, bisecting the angle made by the lines, 
B and o v, and on the other, by the line, b o ; squaring over, then, 
the points, e^ and m*, Fig. 12, and drawing the lines, e i and m n, 
Fig. 11, we obtain the surface, e i m n, which is the most illumined. 

292. This surface is bright, and remains white, when the cylin- 
der is polished, as a turned iron shaft, for example, or a marble 
column ; it is covered with a light fihade, being always clearer, 
however, than the rest of the surface, when the cylinder is un- 
polished, as a cast-iron pipe. 

293. After tbese preliminary observations, we may proceed to 
flhade the cylinder, /» m* a* c*. Fig. 12, dividing it into a certain 
number of equal parts, the more numerous according as the cylin- 
der is greater. These divisions are squared over to the vertical 
projection and straight lines, drawn lightly with the pencil, as 
limiting guides for the colour. We then lay a light gray shade on 
the surface, a c dby Fig. 5, to distinguish at once the part in the 
«hade ; when this is dry we lay on a second covering, the line, o ^ 
•of separation of light and shade, as shown in Fig. 6, and extending > 
over a division on either side of it, or as near it as possible, as tbe 
line of separation of Ught and shade will sometimes fall in the 
centre of a division, as in this instance ; we afterwards lay on a 
third shade, covering two divisions to the right and to the left, as 
in Fig. 7 ; and proceed in the same manner, covering more and 
more each time, always keeping to the pencil lines. The different 
stages are represented in Figs. 8, 9, and 10. 

294. We next shade the part, feiffy laying on successive shades, 
but lighter than the preceding, as indicated in Figs. 7, 8, 9, and 10. 

The operation is finally terminated by laying a light wash over 
the whole, leaving untouched only a very small portion of tbe 
bright surface, « m n t, Fig. 11. This last wash gives a beautiful 
and softening effect to the whole, and leaves the cylinder com- 
pletely shaded as shown in this figure. 

8HADIN0 BY SOFTENEO WASHES. 

295. This system of shading differs from the former in prodncing 
the effects of light and shade by imperceptible gradations, obtained 
by manipulation with the brush in the laying on of the colour: this 
system possesses the advantage over the first, of not leaving any 
lines, dividing the different degrees of shade, which sometimes 
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appear harsh to the eye, and seem to represent facets or flutings, 
which do not exist. 

For machinery, generally, the former system is very effective, 
hringing out the objects so shaded in a remarkable manner. How- 
ever, where very soft effects are desired, as in the finer class of 
drawingaof machinery and in architectural subjects, we recommend 
them to be treated according to the second system. 

In this, the laying on of the shade is much more difficult, requir- 
ing considerable practice, which will be aided by proceeding in the 
following systematic course. 

296. Let it be proposed to shade a truncated hexagonal pyramid, 
as shown in vertical and horizontal projections, in Figs. 15 and 16. 

The position of this solid, with reference to the vertical plane of 
projection, is the same as that of the prism, shown in Figs. 3 and 
4 of this plate. Thus the face, abed, should receive a uniform 
flat shade of little intensity ; rigorously keeping to the rules 
already given^ this should be slightly darkest at the top, and 
graduated regularly to the bottom, as the face is not quite parallel 
to the vertical plane. 

The face, b g he, being inclined, and in the shade, should receive 
a deep shadfr, graduated from he tog h; to produce this, apply 
a first light shade to the side, b c. Fig. 13, softening it off to the 
right, taking the line, 1 — 1, as. a limiting guide in that direction : 
this softening is produced by clearing the brush, so that the colour 
may be all expended before tho lighter side is reached ; and when 
the shade is wide, a little water should be taken up in the brush 
once or twice, to attenuate the colour remaining in it. By these 
means an effect will be produced like that indicated in Fig. 13, care 
being taken not to extend the wash beyond the outline of the 
object. 

When this first wash is well dry, a second is laid, over it, pro- 
duced exactly in the same manner, and extending further to the 
right, covering the space, b c 2 — 2, as shown in Fig. 14. Proceed^ 
ing in the same manner, according to the number of divisions, of 
the face, we at length cover the whole, producing the graduated 
shade, b g h c. Fig. 15. 

The operatiofis are the same for the face, e a df, which is nearly 
perpendicular to the rays of light, but is considerably inclined to 
the plane of projection. 

In rigorously following out the established principles, thex shade 
on this face should be graduated, not only from efto a d, but also 
from eaiofd. Also, on the face, bg he, in the s^iade, the tint 
should be a trifle darker at the base, c A, being gradu«ited off 
towards b g. But for objects so simple in form as the one under 
consideration, this nicety may be neglected — at any r]»te, by the 
beginner — as only increasing his difficulties : the proficient qn the 
other hand, is well aware how attention to these re£inement;s assists 
in producing effective and truthful representations. 

297. Let it be proposed to shade a cylinder with softened gashes, 
as shown in vertical projection in Fig. 20. 

By following the indications given in Fig. 12, for the regular im- 
position of the shades, as explained with reference to the flat-wiish 
shading, the desired effect may be similarly produced, by substi- 
tuting the softened washes. It is scarcely necessary to, divide the 
circumference into so many parts as for the former method ; a first 
shade must be laid on at the line, a 6, of separation of light and 
shade, and this must be softened off in both directions, as i^^ Fig. 
17 ; a second and a third wash must then be applied and similarly 
softened off^ and in this manner we attain the effects rendered in 
Figs. 18 and 19, and as completely shaded in that of Fig. 20. 



Observatiok. — We have not deemed it necessary to give dia- 
grams of all the stages, as the method of procedure will be easily 
understood from the preceding examples. The student should 
practise these methods, both of line and wash shading, upon 
different objects of simple form, and we would also recommend him 
to adopt a much larger scale in his practice, as it is desirable to be 
able to produce large washes with regularity and smoothness of 
effect ; a desideration which he will soon acquire, as well as the 
necessary facility of execution^ by adhering systematically to the 
rules just laid down. 

298. When spots or inequalities arise in laying on a wash, from 
defects in the paper or other accidents, they should be corrected 
with great care. If they are on the dark side, they should, if pos- 
sible be washed out ; the best means of doing this, in very bad 
cases, is to let the drawing become perfectly dry, and then slightly 
moisten the spots,, and gently rub off the colour with a clean rag* 
Lights may be taken out in this way, where, from their minuteness 
or intricate shape, it would be difficult to leave them whilst laying 
on a flat shada, in the midst of which they may happen to be. A 
defect on the light side is more easily corrected, by applying more 
colour to the spots in question — ^being careful to soften off the 
cidges, and to equalize the whole wash. 



CONTINUATION OF THE STUDY OF SHADOWS. 

PLATE 28. 

SHADOW CAST XJPON THE INTEfilOB OF A CYLINDER. 

299. When a. hollow cylinder, as a steam-engine cylinder, a east- 
iron column, or a pipe, is cut by a plane passing through its axis, 
we have, on the one hand, a straight projecting edge, and, on the 
other, a portion of one of the ends, which cast shadows upon the 
internal surface of the cylinder. 

We propose, then, to determine the form, of the shadow 
cast upon its interior by a steam-engine cylinder, A, sectioned 
by a plane passing tlirough its axis. Figs. 1, 2, and 3. In 
the first place, we seek the projection of the shadow cast by the 
rectilinear projecting edge, b c, of the vertical section. Fig. 2, 
which is, in fact, produced by the intersecting pkne, B» aS Fig. 3. 
This straight line, b c, being vertical, is projected horizontally in 
the point, B*, and casts a shadow upon the inner surface of the 
cylinder, as represented by the straight line, b /, which is also 
vertical, and is determined by the point, ft», of intersection of the 
ray of light, b* 6*, with the surface of the cylinder, b> b^ o". 
Thus, when a straight line is parallel to a generatrix of the 
cylinder, the shadow east by it will be a straight line paralkl to 
tlie axis^ It is> therefore, evidently quite* sufficient to find & 
single point, whence the entire shadow may be derived. 

300. We nex.t proceed to, determine Uie shadow cast upon the 
interior of the cylinder by the circular portion, B* E* v^, of the upper 
end. If we take any point, b», on this circle, and square it over to 
B in the vertical projection, and draw through these points rays of 
light, K» e», B e, the form, will be found to meet the cylindrical sur- 
face in the point, e^ which is squared over to intersect the second 
in «, the length of the ray being equal in both projections, according 
to the rule hefgre given. This applies to any point in the arc, b» 
F% SO' that any number of points, as e, can be obtained, and the line 
drawn through them. The extreme point on one side is obtsiined 
by a tangent to the circle iUithe point, p*, giving the point, f, in 
the vertical projection ; the opposite extreme- point, ft, being 
aheady given as the top point of the vertical edge, b o ; we have, 
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therefore, the curve, f c 6, for the upper outline of the shadow 
due to the circular portion, b^ e\ f*. 

301. If, as shown in these figures, we suppose the piston, p, with 
its rod, T, to be retained unsectioned in the cylinder, we shall have 
to determine the form of the shadow cast by the projecting part of 
the piston upon the interior of the cylinder, and represented by the 
curve, d h 0, Fig. 2. For this purpose we take any points, 
b\ h*, o», on the circumference of the piston, and draw through 
them, in both projections, the rays of light which meet the surface 
of the cylinder, B* b^ o\ in the points, b\ h}, o*, which are projected 
in dy h, o, in the vertical plane ; the curve passing through these 
points is the outline of the shadow sought. The curved portions 
of these shadows are elliptical. 

The piston-rod, t, being cylindrical and vertical, casts a shadow, 
of a rectangular form, upon the interior of the cylinder, the vertical 
sides, t /, k I, being determined by tangents to the piston rod, 
I* f *, K* Jfi, parallel to the luminar ray, h* A\ passing through 
the axis, and squared up to the vertical plane. The line of 
.separation of light and shade on the piston, p, and rod, t, in Fig. 
2, is found by squaring up the points, g», and K*, Fig. 3, found by 
the line, g*, k\ intersecting their respective surfaces at right angles 
to the ray of light through their axis, and squaring them over to 
G Gy and K K, in the vertical section, Fig. 2. 

SHADOW Gi^BT BT ONE GTLINDER UPOK ANOTHEB. 

302. Let Figs. 5 and 6 be the vertical and horizontal projections 
of a convex semi-cylinder, a, tangential to a concave semi-cylinder, 
B, forming a pattern often met with in mouldings, a^d shown as 
finished in Fig. 4. 

This problem, which consists in determining the shadow proper 
of a convex cylinder, together with that cast by it upon the sur- 
face of a concave cylinder, in addition to that cast by the latter 
upon itself, is a combination of the cases discussed in reference 
to Figs. 12 and 13, Plate 26 ; and to Figs. 1, 2, and 3, in the 
present plate. The operations called for here are fully indicated on 
the diagram ; and we have merely to remark, that it is always well 
to start by determining the extreme points, as c*, D*, which limit 
the shadow proper, c g, and cast shadow, v c g ; these points may 
be obtained more exactly, as already pointed out, by drawing the 
radii, o c*, and d* e, perp^dicular to the projection of the luminous 
rays in Fig. 6. 

SHADOWS OF COKES. 

303. In this branch of the study, we propose to determine, first, 
the shadow proper, or the line of separation of light and shade 
upon the surface of the cone ; second, the shadow east by the cone 
upon the vertical plane of projection ; and third, the shadow cast 
upon the cone, and upon the vertical plane of projection, by a 
prism of a square base, placed horizontally over the cone, as shown 
in a finished state in Fig. 7. 

304 First : We have laid it down as a general principle, that, 
in order to determine the shadow proper of any surface, it is necesr 
sary to draw a series of parallel luminous rays tangential to this 
surface. When, however, the body is a sojid of revolution gene- 
rated by a straight line, as a cylinder or a cone, it is sufficient to 
draw tangential planes parallel to the luminous rays^ to obtain the 
lines of separation of light and shade. 

In the case of the cone represented in Figs. 8 and 9, and of which 
the axis, s t, is vertical, the operation consists in drawing from 
the apex, s and s^ two lines, making angles of 45'', as s « and b* «S 



giving, in the point, a*, the shadow cast by the apex as projected 
in the horizontal plane. From this point we draw a straight line, 
ai «S tangential to the base, A^ c^ bS of the cone. This straight 
line represents the plane, tangential to the cone, as intersecting the 
horizontal plane of the base ; and the contact generatrix is then 
obtained by letting fall from the centre, s*, a radius, 8* a*, perpen- 
dicular to the line, «» *» ; and this line, s* a\ is the horizontal pro- 
jection of one of ihe lines of separation of light and shade. The 
vertical projection of this straight line is obtained by squaring over 
the point of contact, aS to a, and then drawing the straight line, 
8 a. The other line, s^ &*, of the separation of light and shade, is 
similarly obtained by means of the tangent, s^ 6^ Its vertical 
projection is, however, not apparent in Fig. 8. 

305. Second: The shadow cast by the cone upon the vertical 
plane is limited, on the one hand, by the line of separation of light 
and shade, and, on the other, by the portion of the illumined h&se 
comprised between the two separation lines. Now, the straight 
line, 8 a, casts a shadow, represented by the straight line, 8^ a\ as 
indicated in Fig. 8 ; and the base, a* e* o' b^ casts a shadow, re- 
presented by the elliptic curve, fe d a^, which is determined by 
points, as in the case considered in reference to Fig. 23, Plate 26. 

306. Third : The shadow cast by the lower side, g h, of the 
rectangular prism, P, upon the convex surface of the cone, is found 
in accordance with the principle already enunciated — ^that when a 
straight line is parallel to a plane of projection. It casts a shadow 
upon this plane, which is represented by a straight line, equal and 
parallel to itself. It follows, then, that if we cut the cone by a 
plane, m w, parallel to its base, the shadow cast by the straight 
line, Q H, upon this plane, will be found by drawing from the 
point, I, of the base, situated upon the axis of the cone, and pro- 
jected horizontally in the point, 8^ a luminous ray, which meets 
this plane, m n, in the point, t, projected horizontally in the point, 
i», upon the projection of the same ray. If, next, we make t* i* 
equal to 8^ J^ and through i^ draw the straight line, o^ h^, this 
last will be the shadow cast by the edge, G H, of the prism, upon 
the plane, m n. This plane, however, cuts tbe cone in a circle, the 
diameter, m n, of which is comprised between the extreme genera- 
trices, whilst the circle is projected horizontally in m* l* n*. The 
intersection of the straight line, g' h', with this circle, gives the 
two points, i* and »', which being projected vertically in t, i*, upon 
the straight line, m n, constitute two points in the outline of the 
shadow cast upon the cone^ 

Continuing the operations in this manner, and taking any other 
intersecting plane parallel to x n, any number of points may be 
obtained. It wQl be observed that these planes are taken at a 
convenient height, where the projections of the straight line, o h, 
cut the corresponding circles ; and with regard to this, much use- 
less labour may be avoided, bj at first determining the limiting 
points of the curve. Thus, in the example before us, we get the 
summit, g, of the curve, by making i j, Fig. 8, eqval to J> s». Pig. 
9- Through the point, j, we then draw a luminous ray, and the 
point, g*f at which it meets the extreme generatrix, a 8, of the cone, 
is squared over to the generatrix, 8 T, by means of the horizontal 
g* g^ which gives the point, g, as the summit of the curve. 
We next obtain the extreme points, \ A*, of the same shadow, by 
making 8» o', Fig. 9, equal to 8> GS and squaring over G^ to G*, in 
Fig. 8. Through g* draw the straight line, g* h\ parallel to the 
luminous ray, as situate in a vertical plane, passing through it ; the 
ray, as we have already seen, making in this plane, an angle of 
35° 16' with the base line. The point, A*, at which this ray meets 
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the extreme generatrix, b a, determmes the plane, h* h, which is 
intersected by the luminous rays making angles of 45'', and drawn 
through the points, i and o, in the points, A, A^, the limits of the 
curve sought. 

The projection of the shadow cast by the prism, f, upon the 
vertical plane is fully indicated : but as this presents no peculiarity 
apart from the principles already fully explained in reference to the 
shadows cast by a prism, Figs. 6 and 7, Plate 26, it is unnecessary 
to say much upon this part — ^the luminous rays through the points* 
j and H, being limited by the projection of the same rays through 
the point, V, till it meets the vertical plane in^S Fig. 9, and 
squared up to j\ gives the outline of the shadow corresponding to 
the edge, / h, cast on the vertical plane. 

SHADOW OF AN INYCRTEP CONS. 

307. Wlien the cone, instead of resting upon its base, has its 
apex downwards, as is the case with the one represented in Fig. 11, 
as fully shaded, and also in verti^l and horizontal projection, in 
Figs. 12 and 13 ; in this case the rays of light illumine a less portion 
of its surface ; and the lines of separation of light and shade are 
determined by drawing from the apex, s s*, lines at an angle of 
45°, which are prolonged towards the light, until they intersect the 
prolongation of the plane of the base, a b. 

It will be observed, that the points of intersection, s «\ lie to the 
left, instead of to the hght of the cone. Through the point, «*, the 
horizontal projection of the point, «, draw a cou^^e of lines, a* a\ a* 6>, 
tangential to the circumference, a* o> b^ d', of the base. The radii, 
s> a} and s* 6S drawn to the points of contact, represent the hori- 
zontal projection of the two lines of separation of light and shade, 
and show that the iAumined portion of the cone, consisting of the 
surface, 6* o' a* 8\ is smaller than the portion, 6* d» «» s*, in the 
Bhade. In the case of the cone with its apex uppermost, the con- 
trary would be observed, the portion in the shade being there less 
than that in the light ; and the method given of determining the 
proportion of shadow of the inverted cone is suggested by the con- 
sideration, that this proportion must be exactly the reverse of that 
for the cone with its apex uppermost* 

The first-mentioned line, b* a^, is the only one apparent in the 
vertical projection. Fig. 12. It is found by squaring over the 
point, a*, to a, and joining this last to the apex, a. As the cone is 
truncated by the plane, d e, the line of separation obviously ter- 
minates at the point, c, of its intersection with this plane. 

308. The cone, thus inverted, is surmounted, moreover, by a 
square plinth, the sides of which, f o^ and o^ h^ cast shadows upon 
its convex surface. The side, f g^ as projected vertically in o, 
Fig. 12, is perpendicular to the vertical plane, and consequently its 
cast shadow is astraight line, making an angle of 45'', as a/. The 
extreme limit, /, is determined by proceeding as in previous 
examples ; that is to say, by making i a^ in Fig. 121, equal to s* o*, 
in Fig. 13, and then drawing through the point, o', the straight 
line, o^ A3, parallel to the ray of light, as in the diagonal plane, that 
is, at an angle of 35° 16' to the horizon ; next draw the horizontal 
line, ¥ hf and it will be intersected by the straight line, o/, in the 
point,/, which is consequently the shadow cast by the corner, o. 

The following method, although more complicated, is of more 
universal application : — ^Draw the vertical projection of the outline 
of the body which receives the shadow, as sectioned by the vertical 
plane, in which the ray of light lies, which passes through the 
point whose shadow is sought ; draw the same ray of light as pro- 
jected in the vertical plane, and its intersection with the projection of 



the sectional outline will be the projection of the shadow of the point 
Thus, in the present instance, as the plane of the ray, o^ s\ 
passes through the apex of the cone, the latter vnll present a trian. 
gnlar section, the vertical projection of which may be obtained by 
squaring over the point, o^ Fig. 13, to the base line, a b, Fig. 12 i 
then, if a straight line is drawn from the vertical projection of this 
point to the apex, b, it will represent the projection of the section 
of the cone, and it will be intersected by the luminous ray, o /, in 
the point,/, which is the point sought. 

If the plane passing through the point does not likewise pass 
through the axis of the cone, the section will be a parabola, which 
may be drawn according to methods already discussed. If the 
object is a sphere instead of a cone, the section will be a circle, 
whether the plane passes through the centre or not, and the vertical 
projection will, in all cases, be an ellipse. As a good idea of the 
whereabouts of the point sought may always be formed on inspec- 
tion, it will generally be sufficient to find one or two points in the 
parabola or ellipse, near the supposed position, when a sufficient 
length of the curve may be drawn to give the intersection of the 
luminous ray, as a/. 

As the plinth is square, the summit, ff, of the carved outline, 
corresponding to the shadow of the front edge, a h, is obtained 
directly by the intersection in g* of the line, o/, with the extreme 
generatrix, a 8, tie horizontal line, g^ g, being drawn through this 
point, gives the point, g, as the summit. Any other point in the 
curve, as a'S is afterwards found by means of the sectional plane, 
M N^ Fig. 12, and oa H, Fig. 13, which is the projection of the 
shadow cast by the edge, o H, in that plane, and it cuts the drole 
representing the section of the cone in the same plane in the point, 
f\ which is obviously a point in the outline of the shadow. 

BHADOW CAST UPON THE INTERIOR OF A HOLLOW CONE. 

309. Figs. 14 and 15 represent vertical sections through the axis 
of a hollow truncated cone, and Fig. 16 a plan of the same, corres- 
ponding to Fig. 15. It is required to determine the vertical pro* 
jection of the shadow cast by the sectional edge, d b, and by the 
small circular portion, a* P*, projected vertically in a D, and the 
horizontal projection of the shadow cast upon the internal surface 
of the cone by the portion of the edge, a^ B c. 

It is to be observed, in the first place, that the straight line, D s, 
which is a generatrix of the cone, casts a shadow upon the latter, 
in the form of a straight line, for the plane parallel to the ray of 
light, and passing through this line, d s, must cut the cone in a 
generatrix ; we therefore draw through the point, d^ the ray of 
light, D* d}y making an angle of 45° with the base line, and from 
the oentre, s^ let fall the perpendicular, B* s^, this straight line 
representing the horizontal projection of the intersection of the 
cone by the plane passing through the line, d^ s*, and at the same 
time parallel to the ray of light. By squaring over the point, e, 
to s. Fig. 15, and joining e b, we have the vertical projection of 
this line of intersection, and, consequently, the shadow cast by the 
line, p 8. The diagonal ray of light, D d, drawn through the point, 
D, determines the limit, (2, of the shadow. The horizontal projec« 
tion of the extreme points, a and c, of the curved outline of the 
shadow, is also obtained by means of the tangents, a^ a> and a* c, 
drawn from the point, a^, in which the ray of light passing through 
the apex intersects the plane of the base of the cone. The deter 
mination of the central or symmetrical point, 6^, of the same curve, 
is derived from the straight line, D 6, drawn from the point, d, 
parallel to the ray of light, s b^ as in the diagonal plane, that is, 
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as at 35** 16', with the horizontal plane. The point, 6, in which 
this straight line meets the generatrix, F s, directly opposite to that 
passing through the point, d, is projected horizontally in the point, 
h\ and carried round the centre, R*, concentrically to the point, b\ 
upon the prolongation of the diagonal ray of light, «i s*. 

310. The operation for finding any intermediate point in the 
curve, is based on principles already explained ; namely, that when 
a line or a surface is parallel to a plane, the shadow cost is also a 
line or a surface equal and parallel to the first If, then, we draw 
a plane, m n, parallel to the base, D f, of the cone, the shadow cast 
by this base upon the plane, m n, will be a circle ; it will, conse- 
quently, be sufficient to draw through the centre, o. Fig. 15, a ray, 
o a, which will meet the plane, m n, in a, which must be squared 
down to a*, on the horizontal projection of the same ray. Next, 
with the point, a^ for a centre, and with a radius equal to D o> 
describe a circle, h^ u ; this will represent the entire shadow that 
would be cast by the base, d f, of the cone upon the plane, M n ; 
this plane, however, cuts the cone in the vertical projection, in a 
circle, of which m* n^ is the diameter, and b} m^ j n^ the horizontal 
projection ; this circle is cut by the former in the points, H^ and j, 
which are, consequently, two points in the outline of the shadow 
Id Fig. 16, and the one of these which is seen in the vertical pro- 
jection is squared over to h, upon the line, m n. 

In the same way any number of points may be obtained, and a 
line drawn through them will give the outline of the shadow cast 
in both these projections, supposing the light to be coming in the 
direction of B* 8, and b b\ in the vertical and horizontal planes 
respectively, each being the projection of the other in the different 
plane. But when it is required to draw the shadow proper to the 
plan view, the light must be supposed to come in the direction of 
B* 8^ in Fig. 16, and proceed accordingly as described in reference 
to the several Figs, on Plate 26, or, after finding the shadow as just 
projected, to turn it round, as it were, on the centre, s*, 90°, or 
making the centre line, R s>, of the shadow to coincide with b* b\ 
and outline it accordingly. 

APPLICATIOSfi. 

311. In the top row of figures of this plate, as well as in that of 
Plate 26, we have given shaded and finished representations of several 
objects, which serve as examples or applications of the several princi- 
ples we have just pointed out, whether referring to shadows proper, 
or cast, or to graduated shading. Thus, Fig. 1 represents the in terior of 
a steam-engine cylinder with piston and rod. In this example, regard 
has been had to the general principle, that shadows are the stronger 
the brighter the surfaces are on which they fall, if illumined, that is, 
when such surfaces are perpendicular to the rays of light, any 
shadow cast upon them will be most intense ; the shadow cast by 
the piston on the inner surface of the cylinder is consequently made 
deepest or darkest about the generatrix, corresponding to o A, in 
Fig. 2, and situate in the vertical plane of the rays of light passing 
through the axis of the cylinder : to the right and left of this line, 
the shadow is softened off into the shadow proper on the one 
hand, and to the shading due to the shape of the cylinder on the other. 

312. In the gradation of the shade, regard has also been had to 
the effects of the reflected light, which prevents a surface in the 
shade from being quite black. In a hollow cylinder, for the portion 
in the shade, it is the generatrix, f f». Fig. 2, which should receive 
the shade of least intensity, as it receives the reflected rays of light 
more directly. It will be recollected that the point, f*, is obtained 
by means of the radius, T f*, perpendicular to the projection of the 



ray of light proper to the vertical section. Fig. 2, through the axis, T. 

313. Fig. 4 represents a portion of a common moulding, and shows 
how the distinction made between the shadow proper and the cast 
shadow tends to bring out and show the form of the object 

314. Fig. 7 is an architectural fragment from the Doric order, 
given as an application of shadows cast upon cones, as well as those 
cast by cones upon a vertical plane. 

This example also shows how necessary it is, in producing an 
effective representation, to make a difference in the intensity of 
shadows cast upon planes parallel to the plane of projection, and at 
different distances from the eye ; and also to give gradations to 
such shadows when cast upon rounded surfaces. 

Fig. 10 is a combination of a cylinder with a couple of cones, 
with their apices in opposite directions, showing how differently 
the effects of light and shade have to be rendered upon each accord- 
ing as their surfaces lie more or less directly to the light and the eye. 

There is less shadow upon the upper cone than upon the cylinder, 
whilst there is more upon the lower cone ; the reasons of these 
differences have already been explamed in reference to Figs. 8 and 
12, and also at (290) in discussing the several figures on Plate 27. 

Fig. 11 represents an inverted and truncated cone, showing the 
manner of shading the same, and the form of the shadow cast by 
the square tablet above ; and Fig. 14 is a view of a hollow cone, 
sectioned across the axis, presenting further variety and examples 
of the several principles just discussed ; in this case, the shadow cast 
on the unillumined surface is always shown lighter and less defined 
than that in Fig. 11, cast on the illumined surface. 



TUSCAN ORDER. 

PLATE 29. ' 

SHADOW OF THE TOBUS. 

315. In geometry, the torus is a solid, generated by a circle, 
revolving about an axis, continuing constantly iu the plane of this 
axis, in such a manner, that all sections made by planes passing 
through the axis are equal circles, and all sections by planes per- 
pendicular to the axis will also be circles, but of variable diameters. 

We have seen, that in architecture, the torus is one of the 
essential parts of the base, and of the capital of the column, of each 
order. It will, therefore, be useful to give the methods of deter- 
mining the shadows upon it, or cast by it, in the quickest and most 
accurate manner. 

Figs. 1 and 2 represent respectively the vertical and horizontal 
projections of a torus, a, supposed to be generated by the semi- 
circle, a/c, revolving about the vertical axis, o p; namely, that of 
the column. 

316. We propose to determine the shadow proper of this torus, 
or the line of separation of light and shade upon its external sur- 
face in Fig. 1. It will be convenient, in the first place, to seek 
the principal points, which, for the most part, present little diffi- 
culty. Thus, by drawing parallel to the ray of light, B» o, proper 
to the vertical projection. Fig. 1, a couple of tangents to 
the semi-circles, o/ c, in Fig. 1, which limit the contour of the 
torus in this projection, we at once obtain the two extreme 
points, 6, d, of the curved line of separation. These points are 
more exactly defined by letting fall perpendioulars from the centres, 
0, o\ of the semi-circles, upon the tangents. Then, by drawing 
through the point, 6, the horiaontal, h «, the middle point, «, of the 
curve will be obtained upon the vertical line, o P. 

To obtain the other points in the curve, we first find them iu the 
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horizontal projection, as follows : — Thus, square down the points, 
b, e, d, of Fig. 1, to 6*, e\ d\ Fig. 2, which will lie in a circle, 
having 5 e, or B (2, for radius. An additional point, g, is obtained by 
drawing the diagonal, o» y*. Fig- 2, perpendicular to the ray, b o>, 
which is the projection, in this plane, of the rays represented by the 
arrow, r>, and proper to the elevation. Fig. 1 ; this radius cuts the 
outer circumference, /> jf^, of the torus, in the point, ffK This 
circumference, /* j J^t is projected vertically in the horizontal 
line,//, passing through the centres, o, o», of the semi-circles, and 
the point, g\ is squared over to g, in Fig. 1. 

To find the point, t, which seems to be the lowest in the curve, 
and which is situated in the vertical plane passing through the 
luminous ray, b o*, or »» o*, of the horizontal projection, Fig. 2, we 
proceed as follows : — Suppose the yertical plane, »> o*, to ba turned 
about the as is, o p, so as to coincide with the vertical plane of pro- 
jection, when the section of the torus by the plane, t* o*, being 
obviously a semi-circle, will coincide with the semi-circle, a/c, 
draw a tangent, h i*, to the last, parallel to the ray of light, as in 
the vertical plane, t* o» — that is, at an angle of 35" 16', as has been 
already explained (105), the point of contact, t^, is the one sought. 
But it has to be transferred to the original position of the vertical 
plane ; and for this purpose it is squared over to i^, in the horizontal 
projection. Then o* »* is made equal to o* t*, and the point, t*, 
again squared over to t, in the horizontal line, i^ », drawn through 
**, Fig. 1. 

It is generally sufficient to find five principal points, as 6, t, «, ^, 
and d, in the curved line of separation of light and shade ; but if, 
because of the large scale of the drawing, it is wished to obtain 
intermediate points, this may be done by drawing planes passing 
through the axis ; such, for instance, as o» b^ Fig. 2, which cuts 
the torus in a circle of the same radius as the generating circle. 
We then proceed to find the point of contact of the ray of light, 
according to the mode indicated in Figs. 22 and 23, Pkte 26 (277) ; 
that is to say, we seek the projection of the luminous ray upon this 
plane, o* b^. For this purpose, we let fall upon this plane a per- 
pendicular, B r\ from any point taken upon the luminous ray, b o*, 
and we obtain a face view of this ray, as it would be projected upon 
the plane, o> b», in the elevation, Fig. 1, by supposing the latter to 
be turned about the axis, o^ p, until it coincides with/ o*,/, when 
the point, r\ will coincide with t^, in the horizontal plane. 
Then, as the height, r* r, of the point, r», above the horizontal 
plane, is equal to that of the point, B^ the line joining r o\ will be 
the face view of the projection of the ray in the plane, o* b*. In 
turning round the plane, o> b>, the section of the torus will become 
coincident with the semi-circle, o/c, as in a previous operation. 
If, therefore, we draw a straight line, m n, tangential to this semi- 
drcle, and parallel to the ray, r o>, the point of contact, n, will be 
the point of separation of light and shade, as in the plane, o^ B*. 
Finally, we square n, over to ft>. Fig. 2 ; make o» n^• equal to o^ n», 
by describing an arc with the centre, o>, and radius, o» n*, and 
cutting the line, o> b*, in n'. This point, n', we again square over 
to n*, upon the horizontal line, n n^, in Fig. 1, and n^ is the point 
sought. Or we might have drawn the vertical projection of the 
section of the torus by the plane, oi b\ which would have been an 
ellipse, as 1, 2, n' o, similar to that in Fig. 22, Plate 26 (277), and 
we might have proceeded, as shown in reference to that figure, the 
result being the same in both cases. 

K the circular arc be prolonged to beyond the radius, o^ ^*, and 
upon it, g^ V be made equal to y> n', another point, /», will be ob- 
tained, symmetrical with n', with reference to the radius, O^ g\ 



which is at an angle of 45° to the base line, and perpendicular to the 
luminous ray, R o*. This point, 2*, is to be squared over to /, in the 
vertical projection, where it intersects the horizontal \ine,p I, drawn 
at a distance, g j», above the centre line, //, equal to the distance, 
q «, of the horizontal passing through the point, n\ below it. This 
gives another point, l, in the line of separation of light and shade 
or the shadow proper to Fig. 1, which is obtained by simply draw- 
ing a curved line, as shown, through the points, b, i, e, n\ g, I, and 
dy thus found. 

317. It will be seen that the horizontal projection of this curve 
lies through the corresponding points, ft*, »\ e\ n', g\ />, and rf*, in 
Fig. 2 as dotted in, and that the part, 6», t*, e\ n*, g\ of this curve 
line lies under and within the extreme circumference, /',y, /, of the 
torus. A, and therefore would not be seen in the plan, but the part, 
^, l\ d*, which lies above the horizontal, //, in Fig. 1, might be 
seen were it the shadow proper to the horizontal projection ; but 
as it is merged into this shadow, we have indicated it by a slightly 
darker tint for the purpose of showing its relation to the corres- 
ponding part, g I d,iu the vertical projection, Fig. 1, and of which 
it is the horizontal projection. 

In this instance the torus being symmetrical as regards the hori- 
zontal,//. Fig. 1, that is, being generated by a semi-circle revolv- 
ing round the axis, o p, the posterior portion of the line of separation 
of light and shade is similar to that of the anterior, that is, the 
curve and points, 6, l, o, n*, k, i, d, respectively, correspond to d, 
h g* »'» ^» if h AS dotted in Fig. 1, not being seen in this view. These 
opposite diagonal points may be found simply in either of these 
ways, and the corresponding curve drawn through them. Thus 
suppose q p, equal to 7 s, as before, and make p n^ equal to s n', 
both being parallel Uif f, then n', will be a point in the posterior 
curve corresponding to n\ in the anterior one, otherwise, through 
the centre, y, draw n» q n', making q n', equal to q n», and n' will 
be a point in the curve as before, and in this way the complete 
outline of the shadow proper projected ; and as many points 
squared down as desired to complete the horizontal projection. 

We have now to determine the line of separation of light and shade, 
or the shadow proper of the torus in the horizontal projection. Fig. 2. 

This may be done in various ways, thus we might proceed as in 
the last instance and find the principal points, recollecting that b* o^ 
(Par. 104 and 108), is the projection of the ray of light proper in 
this view. Fig. 2 ; and that its direction in the vertical elevation. 
Fig. 1, is projected in the arrow and line, b> o. So that the principal 
points to be found in this case would be 6*, g-*, n*, b*, i*, and J*, but 
as the corresponding projection of these points lie in the posterior 
line of separation of light and shade, already found in Fig. 1, which 
now becomes the anterior line of separation of light and shade, as 
projected proper in relation to Fig. 2. It is unnecessary to go 
through the whole construction of finding these points, since they 
are easily found from their opposite diagonal points, namely, dy 
g, n^y «, i, and b, as shown in relation to Fig. 1, Thus, then, through 
any point, tx\ in the curve. Fig. 1, draw the line, N» n, parallel to 
//, till it intersect the arc, o/c, in n, a perpendicular let fall from this 
point will be seen to coincide with n and n*, in the first construction, 
in both projections, and the point, n\ as in the first construction, 
carried round concentric with the centre, o\ until it intersects per- 
pendiculars squared down from the points, l and n*, in L^ and n^, 
will give these two points in the line of separation of light and 
shade on the anterior surface in the horizontal projection. Fig. 2 ; 
and if the point, n\ was carried round to intersect lines squared 
down from the points, /, and n', on the posterior face, two other 
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points would be got in the line of separatioQ of light and &hade on 
that surface. As many points may be found in this way as nece»- 
aary, and the curve drawn through them, as ft* L> o» N* e i* d\ will 
give the shadow proper in the horizontal projection, and the part, 
ft» L* q\ will be below the circumference, /^ h J^, and therefore 
not seen, but the part, o* n* e* i* rf*, being above, it is seen and 
shown by a sharp line and light tint to represent a wash of China ink. 

When the shadow proper of a torus is known, it is very 
easy to determine the shadow which it will cast upon the hori- 
zontal plane — ^the plinth or pedestal below it, for Instance — ^by 
drawing through any number of points in the line of separation of 
light and shade, a number of lines parallel to the luminous ray, 
and then finding the points at which these lines intersect the 
horizontal plane. 

Thus, a portion of the torus, A, Fig. 2, casts a shadow upon 
the top of the plinth, or horizontal plane, indicated in vertical 
projeetioa by the line, B c, very little of which would be seen 
on the plinth, but for the purpose of showing the curved out- 
line of this shadow, and the mode of finding it, we have indi- 
cated a portion of it in dotted lines. Take any two corresponding 
points in both projections of the curve outline of the shadow proper, 
as E and E^, and draw throngh them lines parallel to the arrows, b\ 
and square down the point, e", in the first, where it meets the plane, 
B c, till it intersects the second in the point, s-^ which will be one 
point in the curve, and when a sufficient number of points have 
been thus found, a curve line drawn through them, as g* o^ n^ e^ i^ cP^ 
will be the outline of light and shade of the shadow cast by the 
torus. A, on the plane, b o. The edge, k h\ and top edge, k k, of the 
plinth, wonld also cast a «hadow upon its base in the plan. Fig* 2, 
which would simply be found by drawing through A;\ A;^, lines par- 
allel to the ray, b' o\ and limiting them by parallels to the edges, 
I^ l^y and A;^ /* at a perpendicular distance from them, as a; y, equal 
to the height or thickness of the plinth from the base. 

In Fig. 4, a portion of the torus, a, casts a similar shadow upon 
the horizontal plane, B c, Fig. 3, the outline of which is a curve, 
found as above by taking any two points in the projections of the 
shadow proper to Fig. 3, as m', n^, and determining the point in 
which the ray of light drawn meets the plane, b o. This point, 
whieh is v\ u a point in the outline of the shadow, g* N^ E^ J^ i^ J^, 
Fig. 4. 

318. When the torus is surmounted by a cylindrical fillet, the 
Ime of separation of light and shade upon the latter, as well as part 
of its upper «dge, will east a shadow upon the surface of the torus. 
Thus, in Figs. 3 and 4» this will be the case with the fillet, i>, the 
line of separation of light and shade of which is / A in Fig. 3. 
This line bemg vertical, easts a shadow, which is a straight Hne, as 
f^ t^, paralld to the luminous ray^ b o*, in Fig. 4, and determined 
by drawing through the point, /, « luminous ray,/«, meeting the 
horizoBtai pkme, a a, in t, which point, t, being squared over to the 
horizontal projection, intersects the line,/* t^, in t\ and gives the 
line,/* •', as the projection in this plane of the shadow cast by the 
line,/ A, m tStke vertical projection, Fig. 3. It remains to determine 
the projeetioB of the shadow east by the upper edge of the cireular 
portion,//, which is in the shade: diis may be done according to 
the genend mode explained in reference to the several figures on 
Plate 26 (268, 269, and 277), and whieh we shall have occasion to 
repest on Figs. 5 and 6 of the present plate. This method is also 
jtpplicaUe for the determination of the projection, nj, n^ j\ of the 
shadow, cast by the line of separation of light and shade of the 
<^linder or shaflb, e, upon the annular gorge, which unites this 



cylinder with the fillet, d ; however, the operations are all fully 
indicated and lettered in accordance with the principles just dis- 
cussed and quoted in reference to this and former Plates. 

SHADOW CAST BY A STRAIGHT LINE UPON A TORUS OR QUABTER 
ROUND. 

319. Fig. 5 is the vertical projection and Fig. 6, the horizontal 
projection, as seen from below, of a fragment of a Tuscan capital. 
In these figures we show the form of the shadow cast by the larmier, 
F, which is a square prism, upon the quarter-round, a, which is 
anuular. 

We again recall the general principle^ that when a straight line 
is parallel to a plane, its shadow upon thas plane is a straight line 
parallel to itself. For the rest, it will be sufficient to compare the 
operations indicated in these two figures, as well as the two for- 
mer, Figs. 3 and 4, with those of Figs. 8, 9, and 12, 13, Plate 28, 
and more particularly with reference to^ (306, 308, and 310,) 
to see that they are precisely the same ; thus, on the one hand, we 
have the diagonal, o g^ if, for the shadow east by the side, o* o\ 
upon the quarter-round. A, where it is limited at t, by the carve, 
he I, the line of separation of light and shade upon this surface ; and, 
on the other hand, we have the curve, i ^ g i\ likewise limited by 
the same curve at the points, «\ i\ for the- shadow cast by the 
edge, a h, of the larmier upon the quarter-round. 

In Figs. 5 and 6 are completed what refers to the shadow of the 
capital of a column ; they show the operations necessary to determine 
\he shadow cast by the line of separation of light and shade of the 
quarter-round upon a cylinder, as well as that cast on the same 
cylinder by a portion of the larmier. The operation, in fact, simply 
consists in drawing the luminous rays through various points, t^ e, 
in a portion of the line of separation of light and shade upoo the 
quarter-round, finding their intersection with the cylindrical sur- 
face of the shaft, E, by means of the horizontal projection. There 
is no peculiarity or difficulty in this procedure, further than what 
has been gone over in former figures, and the whole being fully 
indicated upon the diagrams, we need not pause to detail it 
further. 

To render the diagrams jost discussed more generally applicable 
and intelligible, we have not given to the differeat parts the precise 
proportions prescribed in «any particular architectural order ; such 
prorortions, however, will be found in Fig. 7, which represents the 
entablature and column of the Tuscan order fully shaded and 
finished. The objects mtended to be gained by ginng this 
beautiful " aquatinta " engraving as an example of drawing and 
shading are, namely, to show the application of the principles laid 
down regarding shadows, and the distinctness and niceties to be 
observed in the various intensities of the washes, and in the gene- 
ral shading made to represent the efifect desired to be piodnced in 
shading with China ink. llie other figures on this plate are not, 
however, so shown, but only distinguished by light tints of various 
intensity, to distinguish the projections of the different shadows, 
proper and cast, and are therefore not given as examples of the 
depth of shade due to the partieular parts* 

SHADOWS OF SURFACES OF REVOLUTION. 

320. It will be recollected, that a solid or surface of revolution 
is that which may be said to be generated by a straight or curved 
line, caused to turn about a given fixed axis, and maintaining a 
uniform distance therefrom ; thus, the cylinder, the cone, the 
sphere, the torus, are all surfaces of revolution ; so also is the 
surface g«ierated by the curve, ab c, revolving about the axis, 
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A B, Figs. 8 and 9. It follows, from the above definition, that 
every section made perpendicularly to the axis will be a circle, and 
all such sections will be parallel. Every section made by a plane 
passing through the axis will give an outline equal to the generat- 
ing curve, and which may be termed a meridiaiu 

321. The shadow proper of a surface of revolution may be deter- 
mined in two different ways : by drawing sectional planes perpendicu- 
lar to the axis, and then considering the sections made by these 
planes as bases of so many right cones ; or by imagining a series of 
planes passing through the axis, and then projecting the ray of 
light upon these planes, so as to draw lines tangential to the dif- 
ferent parts of the outline, and parallel to the projections of the 
line of separation of light and shade sought. This latter method 
having been applied in the preceding Figs. 1 and 2 of the plate we 
are now describing and also in Figs. 8, 9, 12, and 13, Plate 28, 
(304 and 307,) w^eem it more useful, in the present instance, to 
explain the operations called for in the first mode. 

Take, then, any horizontal plane, b d. Figs. 8 and 9, cutting the 
surface of revolution in a circle, the radius of which is h e, and the 
horizontal projection b^ e^ c^, through the points, b and (2, Fig. 8 
draw a couple of tangents to the generating curve which forms the 
outline of the surface of revolution. These tangents will cut each 
other in the point, s, upon the axis, this point being the apex of an 
imaginary cone, 8 b d; through this apex draw a luminous ray, sf 
and A*/*, meeting the horizontal plane of the section, b df^ in/,^ ; 
fronn this latter point, in the horizontal projection, Fig. 9, draw two 
straight lines, /^ g^ and/* «', tangents to the circle, rf» c» g^ : then the 
points of contact, g^ and t'S will be the two points of the line of 
separation of light and shade intersected by the plane, b d^ and 
they are therefore squared over to g and t, in the vertical projection. 
Fig. 8, the one point only of which is visible, in the anterior 
face. 

In a similar manner the points, h and y», are determined, these 
X)oints being situated in planes, c d and e f, respectively and 
pardlel to the first b d. It is to be observed, however, that, in these 
two last cases, the imaginary cones will be inverted, and the luminous 
lay must consequently be drawn to the left instead of to the 
I right, as has already been explained in reference to Figs. 8 and 12, 
I Plate 28. 

I 322. When the tangents to the generating curve are vertical, as 
I is the case with the sectional planes, h n and a l, the points, m and 
I n, of the line of separation of light and shade, are determined by 
, lines, inclined at an angle of 45°, and tangential to the circular 
I sections in the horizontal projection, because these circular sections 
I are the bases of imaginary cylinders and not cones. 
I When a sufficient number of points have been obtained in this 
; manner, as in Fig. 8, a curved line is drawn through them all, 
I which will give the visible portion, m i nhj k^j of the line of sepa- 
I ration of light and shade upon the surface of revolution. This 
method is general, and may be applied to surfaces of revolution of 
I any outline whatever. 

' As it is well to determine directly the lowest point, A;, of this 
I and similar curves, it may be done in the same manner as for the 
I torus. Figs 1 and 2, namely, by drawing the ray of light, b b>, at 
' the same inclination to the base line, as it is in the diagonal and 
I vertical plane, and then drawing parallel to it a tangent to the out- 
MDe of the surface of revolution, the projection for the moment being 
supposed to be in a plane parallel to the ray of light, b a* ; the dis- 
tance of the point of contact, k^ from the axis, being then measured 
Qpon the horizontal projection, b a, of the luminous ray, gives 



the point, k^, which is finally squared over to k, in the horizontal 
line in the vertical projection passing through the same point of 
contact. 

A portion of this curve, namely, the lower part, s kj, casts a 
shadow upon the cylindrical fillet, c o ; to determine this shadow, 
it will, in the first place, be necessary to delineate the horizontal 
projection of the curve, e k j\ and then to draw luminous rays 
through one or two points in the latter, to meet the circle, c* o>, 
the horizontal projection of the fillet. The points in which these 
projected luminous rays intersect the circle, are then to be squared 
over to the vertical projection of the same rays, from the intersec- 
tion of which is derived the curve, cpq. The various operation 
lines are not indicated on the figures, to avoid confusion, but the 
operation will be easily comprehended from what has been before 
said on cast shadows. 

323. Fig. 8 represents the vertical projection of the greater part 
of a baluster, such as is often seen in balconies of stone or marble, 
and sometimes also in machinery, serving as an isolated standard, 
or as a portion of the framing. Below the fillet, c o, is an annular 
gorge, upon the surface of which the base of the fillet casts a 
shadow. It is easy to see that this shadow is obtained in pre- 
cisely the same manner as those occurring in Figs. 8 and 9, Plate 
28 (306, 308, and 310), as well as in subsequent diagrams just 
described in reference to this plate. 

Figs. 10 and 11 represent two descriptions of baluster, consisting 
of surfaces of revolution. They are drawn to a scale of one-tenth 
their actual size and shaded complete. We recommend the student 
to draw them upojy a large scale, and to determine the outline of 
the shadows in rigorous accordance with the principles which we 
have laid down. Such balusters are generally made of stone, and 
are susceptible of various sizes and proportions. 

Many forms and combmations, of which we have said nothing, 
will be met with in actual practice; but our labours would be 
interminable were we to give them all. Our exemplifications 
involve all the principles that are needed, and each case will sug- 
gest the modification of operations applicable to it. 



RULES AND PRACTICAL DATA. 

PUMPS. 

324. There are three kinds of pumps. 

I. Lifting pumps j in which the piston or bucket lifts the water, 
first drawing it up by suction. We engrave one of this kind in 
Plate 37. 

II. Forcing pumps, in which the piston presses or forces the water 
to any distance. The feed pumps of steam-engines are of this class, 
and one is represented in Plate 39. 

III. Lifting and forcing pumps, in which both the above actions 
are combined. 

HTDB08TATIC PBmCIPLBS, 

325. Whatever be the height at which a pump delivers its water 
— whatever be the calibre or inclination of the suction or delivery 
pipe — the piston has always to support a weight equal to a column 
of water, the base of which is equal to the area of the piston, and 
the height is equal to the di^erence of level of the water below, from 
which the pump draws its supply, and the point of delivery 
above. 

Thus, putting H to represent the difference in the level, D for 

Q 
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the diameter of the piston, and P for the weight or pressure on 
the piston — 

^ T"* 

To express this pressure in pounds, it must be multiplied by 
62*5, that being the weight in pounds of a cubic foot of water ; the 
formula then becomes — 

P= 62-5!:^ lbs.. 

4 

the measurement being expressed in feet. 

326. Independently of this load, which corresponds to the useful 
effect of the machine, the power employed in elevating the piston 
has other passive resistances to overcome, namely — 

1st. The friction of the piston against the sides of the pump. 

2d. The friction of the water itself in the pipes. 

3d. The retardation of the water in its passage to the pump by 
the suction valve. 

4th. The weight of this valve. 

These resistances can only be determined approximately. Still 
it follows, from the experiments of M. d'Aubisson, that the load 
to be overcome in raising the piston is equal to 

IT D» 



62-5 



X H X 1-08; 



or, more simply, 

52-5 D^H. 
It is sufficient to add to this the weight of the piston and rod. 
The power exerted in depressing the piston, being assisted by 
the weight of itself and the rod, is always less than that required 
to raise it. 

327. In ordinary pumps, the volume of water delivered for each 
stroke of the piston, instead of being given by the formula, 

^' X /, or -786 D> Z, 
4 

where / is the length of stroke, is determined by an expression which 

varies between 

•6DWand-7D»Z. 

The velocity of the piston gererally ranges between a minimum of 

50 feet and a maximum of 80 feet per minute. The diameter of the 

suction and discharge pipes is generally equal to } or f of that of 

the body of the pump. 

It may be remarked, that the height to which the liquids rise in 

vacuo, by the pressure of the atmosphere, is in the inverse ratio of 

their specific gravities. Thus the pressure, which is equal to 15 lbs. 

to the square inch, makes water rise to 33 feet, whilst mercury 

only rises to 30 inches, its specific gravity being 13*59 times that 

of water. If the atmosphere presses on a liquid lighter than water, 

it will cause it to rise higher in vacuo than 33 feet, in proportion 

to the difference of the specific gravity. In practice, more than 29 

or 30 feet cannot be calculated on for the lift of the pump, because 

of the difficulty of obtaining a perfect vacuum. 

FOSCINe PUMPS. 

328. What has been here said of lifting pumps, applies as well to 
forciiig pumps. The resistance, however, to be overcome, is some- 
what greater in the latter case — for instance, at the moment of 
opening the discharge valve ; and in general this occurs with 
all valves having a great body of water above them, and with their 
upper surface greater than the area of the orifice below. 



LIFTINO AND FORCING PUHP8. 

329. A pump of this description ordinarily consists of a cylinder 
with a short suction pipe, a discharge pipe, a solid pistOD, termed 
a plunger, and suction and discharge valves. 

Two such pumps are frequently coupled together, in which case 
a single suction and discharge pipe serves for both. 

330. The power necessary to work one or more pumps is ex- 
pressed by 52*5 D* H V ; or taking into account the force necessary 
to work the piston by itself, 55*7 D' H v ; v signifying the velocity 
in feet per minute. 

This velocity is obviously obtained by multiplying the number 
of strokes per minute by the length of stroke ; thus — 

V = 2n Z, 
n being the number of back-and-forward movements per minute: 
consequently, the power required is equal to 

65-7 D« H X 2n / = 1114 D« H n /; 
this product representing pounds raised one foot high per minute, 
the measurements being in feet. 

With these premises, we can solve such problems as the fol- 
lowing : — 

First : What force, F, is required to work a pump, having a 
piston 6 inches in diameter, a stroke of 18 inches, and a velocity 
of 15 double-strokes per minute; the whole height between the 
well and the point of delivery being 70 feet ? 

The velocity tr = 2n Z = 30 X IJ = 45 feet. Then F = 557 
D« X H X r = 55-7 X '26 X 75 X 45 = 46,997 lbs. rwsed one 
foot high per minute. 

To express this in horses power, we must simply divide it by 
33,000 *, therefore, 

-, 46,997 -., __ , 

= 33loO " * ^^ ^ ' ^^^' 
Second: What quantity will the same pump raise in ten honn? 
Assuming, according to the formula (326), the effective volume 
V = -6 D« /, or V = -6 X '25 X 1*5 = -226 cubic feet per stroke, 
and the volume per minute, 

•225 X 16 = 3-375 cubic feet; 
and per hour, 

3-375 X 60 = 202-5 cubic feet 
The quantity of water raised in ten hours will consequently be 
202-5 X 10 = 2,025 cubic feet. 
Third : What diameter should be given to the piston of a pump 
which raises 202*5 cubic feet of water per hour, the velocity being 
45 feet per minute, the length of stroke 18 inches, and the height 
to which the water is raised 75 feet? 
The formula above, relative to the effective discharge per stroke, 
V = -6 D« X /, 
by transposition, becomes 

^• = ^ 

Now, the volume, 202-5 cubic feet, discharged per hour, is, per 
minute, 

202-5 
60 
This last again reduces itself to 
2 X 1-5 X 3-375 



= 3-375 cubic feet 



45 



-225 cubic feet per stroke ; 



consequently, 



D» X 



-ex /. 
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Whence, 



D = 4 / '226 

y .A y^ 1.5 = '5 foot, or 6 inches. 



THE HYDROSTATIC PREB8. 

331. Thia powerful machine is an application of the lifting and 
forcing pump. It consists of a bulkv piston or plunger, termed a 
ram, working in a cylinder to correspond, and communicating, by 
a pipe of small bore, with a small but very strong forcing pump. 
To the top of the large piston is iSxed a table or platform, which 
compresses or crushes, what is submitted to the action of the 
machine. 

The pressure exerted upon the water by the smaller piston, is, 
by means of the fluid contained in the pipe, transmitted to the base 
of the ram ; and as, according to the well-known hydrostatic law, 
the pressure is equal on all points, the total force acting on each 
piston will be in proportion to their area ; so that if, for example* 
the diameters of the pistons are to each other as 1 to 5, the pressure 
on the larger one, the ram, will be 25 times as great as that exerted 
by the pump-piston. Suppose a man can apply a force equal to 
60 lbs. to the end of a lever 3 feet long, and that the point of con- 
nection with the piston-rod is only 1^ inch from the fulcrum, the 
leverage of the power will be 24 times as great as that of the resis- 
tance, and the pressure upon the ram will consequently be 24 X 25 
X 60 = 36,000 lbs., an effort equal to that of 600 men acting at 
once. 

In the hydrostatic press, we have, consequently, to consider two 
mechanical advantages — that of the simple machine, the lever, and 
that of the ram : these advantages, are, however, necessarily com- 
p ensated for by the diminution in the velocity of the ram. 

On these principles, enormously powerful presses and lifting- 
machines have been constructed. The one capable of Ufting 18,000 
tons, at the Menai Tubular Bridge, is an unparalleled example. 

HTDBOSTATICAL CALCULATIONS AND DATA — ^DISCHABQE OF WATER 
THROUGH DIFFERENT ORIFICES. 

332. The discharge of a volume of water, in a given time, varies 
according to the velocity of the water, and depends upon the area 
and form of discharge orifice. 

Surface Velocity, — The velocity of water at the surface of a water, 
course or river, of which it is wished to ascertain the discharge, is 
obtained by means of a float, which is thrown into the part where 
the current is strongest. As the wind, if there is any, affects the 
result very considerably, the floats must project above the surface 
as little as possible. A distance of as great a length as convenient 
is measured on the part of the stream where the current is most 
r^nlar, and the time occupied by the float in passing that distance 
is noted by a seconds watch. The space passed through is then 
divided by the time expressed in seconds, and the quotient will be 
the surface velocity per second. 

It is usual to try several floats in different parts of the current. 

Example, — Suppose the space passed through by each float is 
150 feet in 35 seconds, what is the surface velocity ? 

V =: -qT- = 4-28 feet per second. 

If the velodty is not uniform throughout the length of the canal, 
the velocity at any point may be obtained by means of a small 
paddle-wheel the floats of which just dip into the water. The 
number of revolutions per minute of this instrument being multi- 



plied by its mean circumference — ^that is, the circumference corre- 
sponding to the centre of the immerged part of the float — the pro- 
duct expresses the velocity per minute ; and by dividing by 60, the 
surface velocity per second is obtained. 

Example. — Suppose that the wheel makes 120 revolutions per 
minute and that the mean circumference is equal to 1^ foot, what 
is the surface velocity of the current ? 

lJL_^_i:5 = 3 feet per second. 
oU 

333. Mean Velocity, — The velocity above obtained is only that 
at the surface; now, the mean velocity, V, of the whole body of 
water, which is what is necessary to know for the gauging of the 
river or canal, is deduced from the first, by multiplying it by a co- 
efficient, which varies in the following proportions : — 



For ft rarfftce toIo-) .. «. 

city equfti to J ** '** 

The ratio of V to I 

Vis ; 



•77 



1-5 ft. 
•78 



3ft 
•81 



6ft. 
•88 



)-5ft. 
•85 



8 ft. 



10 ft. 

•87 



11-5 ft. 



IS ft. 
•89 



Example, — ^What is the mean velocity of a current of which the 
surface velocity is 5 feet per second ? 

It is equal to -83 X 5 = 4*15 feet. 

The mean velocity of water in an open water-course or river of 
uniform cross-section is determined by the following formula : — 

V = 56-86 X^^_. 236. 

This formula requires the obtainment of the exact level of the 
surface of the water throughout a certain length, L, the greate r 
the better; the cross- sectional area, A ; the form of the immerged 
perimeter or profile of the bed ; and the height of the fall, H, cor- 
responding to the length, L. 

Example. — ^What is the mean velocity of the water in a water- 
course of uniform rectangular cross-section, having a width of 35 
feet, a depth of 12 feet, and with a fall o£ *8 feet in a distance of 
1400 feet? 

The cross-seotional area, A, 

= 35 X 12 = 420 square feet. 

The immerged profile, P, 

= 35 + (2 X 12) = 59 feet. 

Then, 

V = 56-86 X a/ 420 sq. ft. '8 _ -236 = 3*39 

•^ 59 ^ 1400 

feet per second. 

Thus, according to this formula, it is necessary to extract the 
square root of the product of the quantities placed under the radical 
sign V ; next to multiply this root by the co-efficient 56*86 ; and, 
finally, to subtract from the product '236 feet. When the measure- 
ments are taken in French metres this last term must be '072. 

THE OAUOINO OF A WATER-COURSE OF UNIFORM SECTION AND FALL. 

334. When we know the mean velocity of a water-course of 
regular section and uniform fall, the discharge per second can be 
obtained by the following formula: — ^D = A X V, in which D 
signifies the discbarge per second ; A, the cross-sectional area ; and 
V, the mean velocity. 

Example. — ^What is the discharge of a water-course, the cross- 
section of which is 4*2 square feet, and the mean velocity 1*065 
feet per second ? 
D = 4-2 X 1-065 = 4-473 cubic feet, or 27*875 gallons per second. 
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VELOCITT AT THE BOTTOM OF WATER-COURSES. 

335. The velocity of water at the bottom of water-courses is still 
less than the mean velocity. 

Putting V to represent the surface velocity, V the mean velocity, 
and V" the px)und velocity, the relation of the three will be ex- 
pressed by V" = 2 V" — V. That is to say, the velocity at the 
bottom of a canal is equal to twice the mean velocity minus the 
snrface velocity. 

Example, — ^The snrface velocity of a water-way Is found to be 
2 feet, and the mean velocity calculated to be 1*55 feet, what is the 
ground velocity ? 

V" = 2 X 1-55 — 2 = 1-10 feet per second. 

Too great a velocity at the bottom of a water-course tends to 
loosen and carry away the bed, undermining the sides and caiising 
a great deal of damage ; too small a velocity, on the other hand, 
by allowing the matter suspended in the water to settle, is a cause 
of obstruction. 

The following table shows the limit of velocity according to the 
nature of the bed, which cannot be exceeded without danger : — 



Nature of the B«d. 



Limit of the Yeloclty 
per second. 



Soft brown earth, 

Soft clay, 

Sand, , 

Gravel, 

Flint stones, 

Shingle, 

Agglomerated stones, soft schist, 

Rock fraginents, 

Solid rock, 



Feet. 

•25 

•49 
100 
2-00 
2-02 
40O 
6-00 
6-00 
1000 



CALCULATION OF THE DISCHARQE OF WATER THROUGH 
RECTANGULAR ORIFICES OF NARROW EDGES. 

336. As it is of importance, in a majority of circumstances, to 
be able to calculate the discharge of water by sluice-gates, or by 
the vertical discharge-gates of hydraulic motors, so as to know 
the volume, and, consequently, the value of a stream of water. 
The follow! Dg method, which is not only simple and generally 
applicable, but likewise admitting of considerable accuracy, will 
therefore be useful. This consists in erecting a notch in some con- 
venient part of the watercourse where the velocity is not great. 
The notch is easily formed in leads of moderate size by a board 
stretched across the channel, and having a rectangular part cut or 
notched out, and through which the whole of the water will be 
made to pass. The notch-board being fixed, a rod must be fixed 
vertically in the channel a few yards behind, and having a mark 
upon it at exactly the level of the edge of the notch. The water 
being then permitted to descend in the lend, let its depth upon the 
rod be carefully noted in inches, then taking from the second or 
third column of the annexed table the quantity corresponding to 
one inch of width at the depth noted, multiply that quantity by 
the whole width in inches, and the result will be the whole quan- 
tity flowing through the notch in cubic feet per minute. 

Thus, if the depth on the rod be 16 inches, and the width of the 



notch be 7 feet = 84 inches, then corresponding to 16 inchep is 258 
cubic feet in the second column, and which multiplied by 84 gives 
2167*2 cubic feet as the whole quantity passing through the notch 
in a minute. 

The quantity corresponding to 16 in the third column is 27*143 
cubic feet, which multiplied by 84 gives 22*80 cubic feet as the 
supply per minute, which is 112*8 cubic feet in excess of the result 
obtained by employing the second column. This difference is the re- 
sult of the third column being calculated for weirs, which discharge 
more water in a given time than notches, on account of their offer- 
ing less impediment to the motion of the fluid. A weir is a wall 
built generally of solid masonry across the channel, with a parallel 
plank fixed horizontally on edge along the top of the building. 
The plank is termed the waste board, and the water flows over it 
along the whole breadth of the channel, and thus suffers no lateral 
obstruction as it does in meeting the notch-board, in which the 
passage is usually contracted. But if the notch be made equal in 
width to the width of the channel, then this column ought to be 
employed, since under these circumstances the conditions are strictly 
analogous, and the notch may be called a weir. 



Depth of the 


Cnbf c feet of wftter 


Cnbic feet of water 
discharged in a min- 
ute by every inch 
of tbe waMte-board 


upper edge 
of the wft^te- 
bo*rd below 


diccharged in a 
minute by every 
inch of tbe notch, 


Ihe nurlftce 
in Incbee. 


according to l)u 
Buat'fl foimaia. 


of a weir, from ex- 
periraen ts made by 
Ur. Smeatou. 


1 


0-403 


0-428 


2 


1-140 


1-211 


3 


2095 


2-226 


4 


3-225 


3-427 


5 


4-507 


4-789 


6 


5-925 


6-295 


7 


7-466 


7-933 


8 


9122 


9-692 


9 


10-884 


11-564 


10 


12748 


13-535 


11 


14-707 


15G32 


12 


16-758 


17-805 


13 


18-895 


20 076 


14 


21-117 


22-437 


15 


23-419 


24*883 


16 


25-800 


27143 


17 


28 258 


30024 


18 


30-786 


32-710 



When the preceding table cannot be conveniently applied, the 
value of D, the quantity of water discharged in a minute, will be 
found very nearly from the expression, 

D = 200HLt/H, 
in which H is the height of the surface level of the water above the 
sole of the notch, and L, the width, all in feet Thus taking tbe 

4 
example given above, we have H = -o- ft., and L = 7 ft., therefore 

4 4 

D = 200 X -3- X 7 v/ y = 2155-3 cubic feet per mmnte. 
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CHAPTER X. 

APPLICATIONS OF SHADOWS TO TOOTHED GEAR. 



PLATE 30. 



SPUR WHEELS. 
FlOUSBS 1, 2, AND 3. 

337. We have already pointed out, that before shading an 
object in a finished manner, it is generally necessary to lay down 
the outlines of all the shadows, proper and cast, which may happen 
to be occasioned by the form of each part. 

Thus, before proceeding to apply the finishing shades to the 
spur-wh^l and pinion, Fig. 1, we must first determine, separately, 
on each wheel, both the shadows proper of the external surface of 
the teeth and web, and also the shadows of the teeth upon the 
web, and upon themselves. The operations called for to accomplish 
this with the cog-wheel, to the right of Fig. 1, are indicated in 
Figs. 2 and 3, which are respectively an elevation and half plan of 
the same, to a much larger scale. 

The external surface, a' b» c^ of the web, a, of the spur-wheel, 

being cylindrical, the line of separation of light and shade will be 

obviously determined by a tangent parallel to the luminous ray, 

proper to Fig. 2, and projected in Fig. 3, at r o ; or better, by the 

radius, o D, at right angles to this. By squaring over the point of 

contact, D, in the horizontal projection. Fig. 3, we obtain the line, 

D* E, in the vertical projection. Fig. 2. Similarly, by squaring 

over the point, B, we get the straight line, f» o, for the line of 

separation of light and shade on the outer ends of the teeth, which 

are likewise cylindrical. A portion of the lateral surface of the 

teeth is also in the shade, as will easily be determined, by drawing 

lines through the extreme angles, as a, 6, c, &c., parallel to the 

luminous rays as projected in Fig. 3. Thus the surfaces, a d,b e^ 

and e/, do not receive any light, and are, therefore, shaded in the 

elevation, as within the outlines, a* d* g A, ft* e^ tj\ and c^ pkl. 

Each of these teeth, also, casts a shadow upon the vertical 

cylindrical surface of the web ; and as their edges, a} A, 6» y, c» /, 

are vertical or parallel to the surface of the web, their shadows cast 

on it are also vertical. These last are determined by drawing the 

luminar lines through the points, a», ft\ c\ Fig. 2, and also those 

projected in Fig. 3, through the points, a, 6, c, and then squaring 

over the points of contact, w, n, o, to m*, «\ o*, in Fig. 2, which 

gives the outline of the shadow, m} m', n* n« and o* o", as cast by 

the edge of the teeth, a} A, 6* /, and c* 7. 

To complete the shadows of the teeth upon the web, it is further 
necessary to obtain the outline corresponding to the edges, a} d}^ 
^ ^» c*^, &c. We already have the extreme points. d\ e*, y*, and 
m', n*, ©I, and in most cases these are suflScient. Where, however, 
greater exactness is required, it is well to find a few intermediate 
points. The lower edge of that side of the tooth next the light, 
also casts a shadow upon the web, which is obtained in the same 
manner, by drawing luminar lines through the points, p, q, r, 
meeting the surface of the web in points, «, w, projected vertically 
in r*, v\ to*. 

Some of the teeth, also, cast shadows upon each other ; and as 
their surfaces are also vertical, these shadows are simply determined 
in the same way as the lines, m* m", v} n", were, by the contact of 
the luminar lines with them. Thus, the edges, «* «■, t^ f, y* y«, 



have for shadows the straight lines projected vertically in u^ u^ 
a?* a^, 2 z^ 

338. We have now to outline the shadows proper and cast, which 
occur in the plan, Fig. 3, of the same wheel. First, we have to 
determine the shadow cast by the web upon the tenons of the 
teeth, and second, upon the arms, or spokes. All these surfaces 
being horizontal and parallel, the shadow cast upon each will be 
a circle equal to the one, h i l, which is the inner edge of the web 
throwing the shadows. All that is necessary, then is to draw 
through the centre, o, o*, a line parallel to the luminous ray ; and 
to find the points of intersection, o^ and o*, with the planes, M Ot 
and N o*, in which lie the upper surfaces of the tenons and of the 
face arms, and to describe arcs on these surfaces respectively with 
the points, O^ and o^, as centres, and with the common radius, o h, 
(270). In the same manner we obtain the shadows cast by the 
boss of the wheel, and by the feather arms upon the face arms. 

AVhen we have thus gone through the requisite operations for 
each wheel, we proceed with the shading, according to the prin- 
ciples laid down (280, et aeq.), covering first the portions which 
require a more pronounced shade, and leaving the lighter parts to 
the last. 

The specimen. Fig. 1, which we recommend to be copied on a 
larger scale, indicates the various gradations of shade required to 
produce the proper effect, according to the different positions of the 
planes, and to the contour of the surfaces. These wheels are also 
supposed to be mounted upon their shafts, which are shaded as 
polished cylinders. 

BEVEL WHEELS. 
FlOURBS 4, 5, AND 6. 

339. The procedure here called for will be the same as in the 
preceding case — that is to say, we must first draw the outlines of 
the shadows, proper and cast, for each wheel. Fig. 4 is a complete 
shaded elevation of a bevel cog-wheel, a, and two pinions, b 
working into it with iron teeth. Figs. 5 and 6 represent a vertical 
elevation and half-plan respectively, of a bevel wheel with cast-iron 
teeth, to about the same proportions as the pinions, b, in Fig. 4, but to 
a much larger scale, so as to show the outlines and projections of 
the shadows which are indicated on the different surfaces. 

The external surfaces of the teeth and of the web being conical 
the shadows proper are determined in the same manner as for the 
cone, by drawing through the apex a plane parallel to the luminous 
ray, and finding the generatrix at which this plane touches the 
conical surface (304). 

It is in this manner that, for the shadow proper to Fig. 5, on the 
outer ends of the teeth, we obtain the generatrix projected in o a, 
and for the outer surface of the web, that projected in o b. Fig. 6. 
These generatrices, which give the lines of separation of light and 
shade, when projected vertically in the straight lines, c» a>, and 
D b*, Fig. 5, converging to the apex of the cone; since, however, 
these lines occur between two teQ,th in the present example, they 
are not apparent. The lines of separation of light and shade o a', 
and o B*, found in a similar manner, (304), give the shadows 
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proper to the surface of the teeth and web in the plane, Fig. 6 ; or 
having found the lines, o a, o B, in projecting the shadow proper 
to Fig. 5, they may be turned round 90^ which would also give 
o A*, b', as the shadow of the surface of the teeth and the web. 

Some of the teeth have their lateral faces in the shade, whilst 
all the lower conical surface corresponding to the wider ends of the 
teeth is in deep shade, as indicated in Fig. 5 by a darker tint. 

We have, also, to determine the shadows cast by the outer edges 
of the teeth as a} «f», ft» e\ c\ />, and by the curved portions, cP ff\ 
«* h\ and /> iK Now, the outer edges, a» d\ b^ e\ c* /», cast 
shadows upon the conical surface of the web, which are represented 
by straight lines coinciding with generatrices on this surface ; and 
therefore, to determine them, we must draw through the corres- 
ponding edges a series of planes parallel to the luminous ray ; the 
whole of these necessarily passing through the common apex, o, 
it is simply requisite, therefore, to find the shadow cast by any one 
point in these edges. Let us take, for example, the points, </», e\ /», 
all situate in the same circle, e cf f, of the horizontal plane. Fig. 6 ; the 
operation, then, is to find the shadow oi this circle upon the conical 
surface, and is the same as that which we have already indicated 
and explained several times (306, 306, 321) ; it consists, in fact, 
in drawing any planes, o h, and i j, perpendicular to the cone's axis, 
and, consequently, parallel to the plane of the circle, e^ d^ v\ in 
Fig. 6. 

340. We have seen that the shadow cast by the circle, Edv, 
upon each of the planes, will be a circle equal to itself; and it is, 
therefore, simply necessary to find the shadow cast by the centre, 
o, o^ This shadow falls in o, o^, o', on the plane, o h, and in 
o», 0*, o*, on the plane u ; o» o*, are the horizontal projections of 
the centre, o^, in these two planes, proper to the direction of the 
light, B o, in Fig. 5 ; and o\ a^, are similar projections of the same 
points proper to Fig. 6, and due to the direction of the light, b} o, 
in it. If then, with the points, o* and o*, as centres, and with the 
radii, o* k} and o^ j\ equal to the radius, o e, we draw a couple 
of arcs, these arcs will cut the circles o^ k* h* and i» l» j*, the 
projections of the sectional planes, in the points, k* and J\ which, 
being squared over to the vertical projection in the points, K 
and J, gives two points in the curve, j k h n, representing the 
shadow cast by the circle, e* d} f\ upon the conical surface of 
the web, in the elevation, Fig. 5. Consequently, if we draw the 
luminar lines through the points, d^, e^, />, &c., the respective 
points of their intersection with the curve, as m, p, q, will represent 
their shadows cast upon the surface of the web. 

The points, ^, A, i, situated upon the upper base of the cone, 
obviously cast no shadows, the shadows of the teeth, however, 
springing from them ; if it is wished to determine any points be- 
tween these and those already found, it will be necessary to describe 
an imaginary circle, such as o\ k>, bS passing between the points, 
d and g, the outer and inner angles of the teeth. The curve, b s t, 
as projected in the elevation, will be found to represent the shadow 
cast by this circle upon the conical surface of the web. 

As the edges, a (2, 6 «, c /, cast shadows which coincide with 
generatrices of the cone, they may be obtained simply by drawing 
straight lines through the several points, h, p, q, and m>, p', q», 
converging in the apex of the cone in both the elevation and 
plan. 

Finally, the shadows cast by some of the outer edges of the teeth, 
such as k^ m\ upon the teeth immediately behind, are defined by 
drawing the luminar line, k n, through the point, k, meeting the flank, 
n «, of the other tooth. Fig. 6, which lies in a vertical plane. This 



point of contact is projected vertically in n', on the vertical projec- 
tion, k^ n*, of the lurainar line. It now remains to draw a line, n> n', 
through this point, n\ and through the apex of the cone, and Ibis 
line will represent the shadow cast by the edge, Jfc* mK 

341. In the case where the luminar line passing through the 
extremity of the tooth — ^as that, for example, drawn through the 
pant, p — ^falls upon a curved portion of the tooth behind, it is 
necessary, if great accuracy is required, to imagine a vertical plane 
passing through this point and through the luminar line, and then 
to find the intersection o^ this plane with the curved surface of the 
tooth. This would require a separate diagram ; but the operation 
is very simple, and has been explained in reference to previous 
examples (277). 

342. The example. Fig. 4, represents the application of finished 
shading to a bevel wheel with wooden teeth, in geiar with a pinion 
on each side, each with cast-iron teeth. It is to be remarked, that 
although the shadows are not the same upon each of these wheeb, 
because of their different positions with regard to the light, these 
are, nevertheless, determined by means of the same operations as 
those which we have just explained. 

In shading this example, the principles and observations already j 
discussed must be borne in mind, and note taken of the various 
lights and shades. It is also to be observed, that, from the positions 
of the two pinions, the inner end of the shaft of one is completely 
in the shade, whilst the inner end of the other is illuminated ; Figs. 
2, 3, and 5, 6, are not given as examples of shading, as there is 
merely a flat tint put on those parts in shade, to define the outline 
of the shadows proper and cast. 



APPLICATION OF SHADOWS TO SCREWS. 
PLATE 31. 

343. It has already been shown, that a screw may be generated 
by a triangle, a rectangle, or by a circle, the plane of which passes 
through the axis of the screw, the generating movement being along 
a helical path. The screw is, consequently, called triacgular, 
square, or round-threaded. In each of these cases, the outer edges 
cast shadows upon the core of the screw, or upon the twisted 
surface of the consecutive convolutions of the thread itself. If the 
screw is surmounted by a head, there will be, in addition, the 
shadow cast by this upon the outer surface of the thread, as well 
as upon the other parts. We shall proceed to explain the methods 
of determining the various shadows upon these different kinds of 
screws. 

CTLINDBICAL SQUARE-THREADED SCREW. 
FlOCRBS 1, li, 2 AHD 3. 

344. The limit of the shadow proper upon the screw, is obtained 
in the same manner as that upon a right cylinder, by drawing the 
radius, o a, at right angles to the projection of the ray of light, r o, 
in Figs. 2 and 3, and then squaring over the point, a, to a^ and a', 
in Figs. 1 and IS and drawing a line through these parallel to 
the axis of the cylinder. In the same manner we obtain, by pro- 
jecting the point, B, the line of separation of light and shade, b' b', 
upon the surflace of the core. 

The shadows cast by the outer edge of the threads upon the 
cylindrical surface of the core, are simply determined by means of 
the straight lines, c e, D (f, drawn parallel to the luminous ray, b o, 
and meeting the circle, zdB, the projection of the core, in c and d; 
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then, by squaring over the points, c D, to c^ d', and drawing through 
the latter the straight lines, c* c*, D* rf*, parallel to the ray of light, 
b\ we obtain the points, c\ (7\ for the shadows sought. We can, 
in the same manner, obtain as many points as are necessary to 
complete the curved outline of the shadow. 

When the threads of the screw are inclined to the left as in Figs. 
1* and 3, instead of being inclined to the right, as in Figs. 1 and 2, 
the operations necessary for determining the curve of the shadows 
are still the same. This is rendered sufficiently plain by the em- 
ployment of the same letters to represent similar and symmetrical 
points ; it only requires to be observed, that the end view, Pig. 3, 
is that of the right half of the screw, whilst that in Fig, 2, is one 
of the left half, or, one may be supposed to be the turning over of 
the end of the screw to the right, whilst the other is to the left ; 
the ray of light is similarly respectively represented to the right 
and left ; this, however, does not make any difference, as Figs. 2 and 
3 are simple end diagrams to give the length of the line merely, as 
D d, which is required. The luminous ray, in both cases, makes 
an angle of 45° with the axis of the screw, which is horizontaL 

The polygonal head, f o h i, which separates the right-handed 
from the left-handed portion of the screw, casts a shadow upon a 
part of the latter, represented by curves, which will be easily de- 
termined, in accordance with previous examples (275 and 276), and 
the principal points in which are /, ff, in Figs. 1' and 3. 

8CEEW WITH SEYERAL RECTANGULAB THBEADS. 
FlOUBES 4 AHD 5. 

345. The construction of the shadows of a rectangular-threaded 
«crew is the same, whether it be in a horizontal or vertical position, 
or whether it be right-handed or left-handed. Thus, the screw with 
several rectangular threads, represented in Figs. 4 and 5, has, in the 
first place, a shadow proper, limited by the vertical line, a' a*, as 
squared over from the point, a, and next, the shadow, c* d^ /*, 
which is light to show the construction of the shadows cast 
upon the core by the outer edge of the thread, o^ d' e\ there is, 
moreover, a portion of the shadow cast by the circular shoulder, 
e H I, upon the threads, and also upon the core. The outlines of 
these shadows are found in precisely the same manner as those in 
Figs. 1, 2, and 3 (344). In Fig. 5, which is more a horizontal dia- 
gram than a proper plan corresponding to Fig. 4, the ray of light, 
B o, is the horizontal projection of that indicated by the arrow, b*, 
of the latter. 

TBIANGULAE-THKBADED SCREW. 
FlGUBES 6, 6^, 7, AHD 8. 

346. When the screw is generated by an isosceles triangle, such 
ts cad, Fig. 6, of which the height, a b, is greater than the half of 
the base, c d, there will be a shadow cast by the outer edge of the 
thread upon the twisted surface of the succeeding convolution. 
In proceeding to determine the outline of this shadow in accordance 
with the general method, which consists in finding the points of 
contact of the luminous rays with the surface, we are led to seek, in 
the first place, the curve of intersection of this surface, with a plane 
passing through the luminous ray, and parallel to the axis of the screw. 

For this purpose, let e o, Fig. 7, be the sectional plane ; its in- 
tersection with the outer edge, c g*/?, of the screw-thread will be in 
the point, e, s*. Figs. 6 and 7, and similarly its intersection with the 
inside, alq, will be in the point, r, r\ To obtain intermediate 
points of the sectional curve, we must describe variolas circles with 
the centre, o, and radii, cm, on, representing the projections of so 



many cylinders, on which lie the helices comprised between the 
inner one al q, and outermost, d e' «, being of the same pitch as 
the latter. We thereby obtain the points of intersection, h, t. Fig. 
7, which are to be squared over to AS f*, in Fig. 6, and then, by 
joining the several points, b', A*, t*, r*, we get the curve of intersec- 
tion of the plane with the helical surface of the thread ; so that, 
if we draw a luminar Une, b^ e^ through the point, e', in the same 
plane, its intersection with the curve, b^ A* i* r^, will give a point, 
e^ in the outline of the shadow sought. 

In like manner, by drawing other planes, as f h and o i, parallel 
to the first, b o, we shall obtain the intersectional curves, F*/^ h* 
and o»y* g^ I, and further upon these the points,/* and ^*, of the 
outline of the shadow. By proceeding thus, we can obtain as 
many points as may be deemed necessary for the construction of 
the shadow cast by the outer edge, c g^ j9, of the thread, and the 
curve obtained is, of course, repeated on the several convolutions of 
the thread- We would remark, that there is no shadow cast when 
the depth of the thread is such, only that a 5, Fig. 6, is less than 
the half of the base, c d, of the generating triangle. 

The diagrams, Figs. 6* and 8, which represent a portion of a left- 
handed screw, will show that the operations required in this modi- 
fication, to determine the outlines of the shadows, are precisely the 
same as those last explained. 

The core, N, which separates the two portions of the double 
screw, as well as the end, n*, receives a shadow cast by the outer 
edge of the adjacent convolution of the thread. 

SHADOWS UPON A BOUND-THBBABED 8GBEW. 
FlOUBBB 9 AND 10. 

347. These figures represent a species of screw generated by a 
circle, abed, the plane of which passes through the screw's axis, 
and of which each point describes a helix about the same axis. 
The intervals or hollows between the convolutions of the thread 
are also formed with a helical surface generated by a semicircle, 
def, tangential to the first. We have, then, to determine the 
limiting line of the shadow proper upon the screw, and the shadow 
cast by this line upon the hollows. 

The projecting thread being a species of spiral torus or serpen- 
tine, the determination of its shadow will be similar to that of the 
shadow of the ring (316). 

Thus, if the screw be sectioned by a vertical plane, g o, passing 
through its axis, its intersection with the thread will evidently be 
a circle, as projected in/ /*, Fig. 10. This circle, being inclined 
to the vertical plane of projection. Fig. 9, is projected therein in 
the form of an ellipse, the principal points, j\ h, l, n, of which are 
obtained by squaring over the points, /S A*, ^, respectively, upon 
the helices corresponding to the points, cf, a, 6, c. If, then, upon the 
plane, g o, which we supposed to be reproduced at o g. Fig. 11, we 
project the luminous ray, R o, it will be sufficient to determine the 
point of contact of this ray with the curve, j h l\ for this pur- 
pose, find the projection of the ray upon the vertical plane in g^ o>, 
Fig. 11 ; then draw a line, ^ o", tangential to the ellipse, jkln, 
and parallel to the straight line, g^ o*, its point of contact, m, with 
the ellipse will be a point in the line of separation of light and shade 
upon the outer surface of the screw-thread, as n m « ^. By pro- 
ceeding in this manner, any number of points may be obtained, and 
the line of separation of light and shade found by being drawn 
through them. 

By continuing the sectional plane, G o, across the hollow of the 
screw, we shall likewise obtain the elliptic curve, n o*, p, the prin- 
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cipal points in which are equally situated upon the helices which 
pass through the points, d^e^f\ it is suflSicient to prolong the 
luminar line, ^ c^, until it cuts the ellipse, n o"^, so as to obtain 
the point, o", which is the shadow cast bj the corresponding point, 
fi», of the line of separation of light and shade upon the hollows or 
intervals between the convolutions of the thread. 

It is to be remarked, that the prolongation of the line of separa- 
tion of light and shade, s t, casts a shadow upon the outer surface 
of the convolution immediately below ; and, in the same manner, 
the shoulder above casts a shadow over the projection and hollow 
of the adjacent thread. 



APPLICATION OF SHADOWS TO A BOILER AND ITS 

FURNACE. 

PLATE 32. 

SHADOW OF THE SPHSBS. 

Figure 4. 
348. It will be recollected, that a sphere is a regular solid 
generated by the revolution of a semicircle about its diameter. 
From this definition it follows, that its convex or concave surface, 
according as it is considered solid or hollow, is a surface of revolu- 
tion, of which every point is equally distant from the centre of the 
generating circle. To determine, then, the shadow proper, upon 
the surface of a sphere, we can proceed according to the general 
principle (321) ; but, in this particular case, the following will be 
the simpler method. 

Let us suppose the sphere to be enveloped in a right cylinder, 
having its axis parallel to the luminous ray ; this cylinder will 
touch the sphere at a great circle, which is, in fact the line of 
separation of light and shade, and the plane of which is perpendic- 
ular to the luminous ray, and, consequently, inclined to the planes 
of projection ; it follows, therefore, that the projection of this line 
upon these planes will be an ellipse. 

Thus let Fig. 4 represent the vertical horizontal projection of a 
sphere, whose radius is o a, the projections of the extreme genera- 
trices. B and D E, of the cylinder, parallel to the luminous ray, 
touch the external contour of the sphere in the points, c, s, which 
are diametrically opposite to each other, and are the extremities of 
the transverse axis of the ellipse. 

As, in general, this curve can be drawn when its two axis are 
determined, it merely remains to find the length of its conjugate 
axis. To this efifect let us imagine a vertical plane to pass through 
the luminous ray, b^ o, and let us take two lines tangent to the 
section of the sphere in this plaae, and parallel to the luminous 
ray ; if now we turn this plane about the line, b o, considered as 
an axis, so as to fold it over upon, and make it coincide with, the 
horizontal plane, the great circle, which is its section with the sphere 
will obviously coincide with the circle drawn with the radius, 
A o. The luminous ray will, as already seen (277), be turned over 
to & 0, making an angle of 35° 16' with the line, b* o. It may also 
be obtained by making the line, b* b, perpendicular to b* o, and 
equal to a side of the square, as o R*, and then joining R o. The 
two luminous rays tangential to the sphere will then coincide with 
the straight lines, H L and m n, parallel to b o ; their points of con- 
tact with the great circle will be the extremities of the diameter, 
L N, perpendicular to b o. If now we imagine the plane to be re- 
turned to its origimal position, the points, l and n, will be projected 
in L* and n^ thereby giving the length, l n, of the conjugate axis 
of the ellipse sought. 

349. If, in place of constructing this ellipse by the ordinary 



methods, it is preferred to determine the various points by means 
of a series of analogous sections, with their subsequent operations, 
it will be sufficient, for example, to draw the plane a 6, parallel to 
Bi o, and then to turn over, as it were, the section of the sphere 
formed by this plane, so that it shall coincide with the horizontal 
plane, making its centre, at the same time, to coincide with the 
centre, o, of the sphere ; the section in question being a circle, de- 
scribed with the radius, c o, equal to a c. Next draw the tangent, 
e df parallel to b o, and project the point, d, on the diameter, l n, to 
d*, upon the original line of section, a b, and d^, is a point in the elliptic 
curve. In this manner, as many points may be obtained as are 
wished. The distance, c d^, being made equal io c d}, </' will be 
the symmetrical point in the opposite, and now apparent part of 
the ellipse. 

SHADOW CAST UPON A HOLLOW SPHEBE. 

Figure 5. 

350. When a hollow sphere is cut by a plane passing through its 
centre, and parallel to the plane of projection, the inner edge of the 
section will cast a shadow upon the concave surface, the outline of 
which will be an elliptic curve, which may be determined in 
accordance with the general principle of parallel sections, already 
explained (277), or by means of the simpler system of sections and 
auxiliary views adopted in the preceding example, and of which we 
shall proceed to give another instance, in Fig. 5. 

This figure represents the projection of a hollow sphere upon the 
vertical plane, being, in fact, the section through the line, 1 — 2, of 
the boiler, represented in Figs. 7 and 8. If this hemisphere be 
sectioned by a diametrical plane, a b, parallel to the luminous ray, 
the section represented in the auxiliary view. Fig. 6, will be a 
semicircle, a* b* c*. The luminous ray, lying in this plane, and 
passing tlu-ough the point, a, a*, will in Fig. 6, be represented by 
the line, a* c^, parallel to the line, b a, obtained, as indicated in 
Fig. 5, by the method already explained. This straight line, a' cS 
cuts the circle, a* c' b*, in the point, cS which must be squared 
over to c, on the line, a b. Fig. 5, when o will be the shadow cast 
by the point, a. 

In the same manner we obtain the points, 6, (2, by means of the 

sectional planes, ah^c d^ parallel to a b, and cutting the sphere in 

semicircles, represented by a* 5* e, in Fig. 6. This semicircle is cut 

in the point, fc*, by the line, a> 5\ parallel to a» c>, and 6*, being 

squared over gives the two points, h d. The extreme points, 

D, E, are obviously situated at the extremities of the diameter, 

D E, perpendicular to the luminous ray, b^ o, and representing the 

transverse axis of the ellipse. These shadows are frequently met 

with in architectural and mechanical subjects ; as, for example, in 

niches, domes, and boilers. These two shadows are indicated by 

a light flat tiut to distinguish their form, which are the same in these | 

two cases, (the objects being spheres and the light in the same | 

direction, b^ o), whether supposed to be shown in elevation or plan. ! 

i 
applications. ! 

351. Fig. 7 represents a longitudinal section, at the line, 3—4, in 
Fig. 8, of a cylindrical wrought-iron boiler, with hemispherical ends, 
and surmounted by a couple of. cylindrical chambers, one of which i 
serves for a man-hole, and has a cover fitted to it. 

Fig. 8 is a plan of the same boiler, looking down upon it, and 
showing the cylindricial chambers. 

Fig. 9 is a transverse section, made at the line, 5 — 6, in Figs. 7 
and 8. 
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For this boiler, we have to determine^ 

First, in Fig. 7, the shadows, d d o and mho, oast upon the 
spherical surfaces at either end of the boiler, as well as those, o ff i 
and J k /, upon the cylindrical surface, together with the shadows 
cast on the interior of the cylindrical chambers. 

Second, in Fig. 8, the shadows proper of the external cylindrical 
and spherical portipns of the boiler, and the shadows cast upon 
these by the cylindrical chambers. 

In Fig. 10, we apply the same letters as to the analogotis diagram. 
Fig. 6, this view being drawn for the purpose of obtainiug the 
elliptic curve, ode, of the shadow cast by the circular portion, 
A c D, upon the internal spherical surface of the end of the boiler. 

In the same manner is obtained the portion, mhclfhy means of 
the diagram, Fig. 11, observing that the sections made parallel to 
the ray of light, above the line, a b, give semicircles, whilst those 
made below, such as f o, give the circular portion to the right of 
the line, a o, but an elliptical portion to the left of this line, in 
consequence of this portion of the plane cutting the cylindrical part 
of the boiler obliquely. It must be remarked, that the cylindrical 
chambers, situated on the top of the boiler, give rise to the intersec- 
tions, IJ K F, which cast shadows upon the interior of the boiler, 
instead of the rectilinear portion, i F, of the extreme generatrix of 
the cylinder, which would have cast a shadow, had the cylindrical 
chambers not been there. 

The shadow cast by the edge of these intersecting surfaces is 
limited to the curves, j k f, which may be easily delineated with 
the aid of the section. Fig. 9, by squaring over the points, j, k, l, f, 
to the arc, j* k» l* v\ and then drawing a series of luminar lines 
through these points ; that is, lines parallel to the ray of light 
indicated by the arrow b*, and proper to the plane of the picture. 
These will meet the internal surface of the cylinder in the points, 
fi, A>, r, />, which are squared over again to the longitudinal section. 
Fig. 7, by means of horizontals, intersecting the luminar lines, drawn 
through the corresponding points, j, k, l, in the edges of each 
chamber, in the points, /, h, L The rectilinear portion, F I, of the 
uppermost generatrix of the cylinder, has for its shadow, on the inter- 
nal surface thereof, the similar and equal straight line,/*, which 
coincides in the projection, with the axis, o o (299). 

A part of the extreme left-hand generatrix, i B, of each cylin- 
drical chamber, likewise casts a shadow upon the internal surface 
of the boiler, the outline of which is a curve, imj, which is simply 
an arc of a circle, described with the centre, o, and with the radius, 
o i, equal to that, e o, of the boiler. This shadow is circular, be- 
cause the straight line, i b, which casts it, is perpendicular to the 
axis of the cylinder ; whilst the axis and itself lie in a plane, parallel 
to the plane of projection (275). 

We can, however, determine the points, t, m, /, of the curve 
independently, with the assistance of the auxiliary projection. Fig. 
9, at right angles to Fig. 7. 

It is the same with the curve, np q, which is likewise an arc of 
a circle, because the straight line, n p, the edge of the cover which 
closes the top of the chamber, is at right angles to the axis of the 
latter, and at the same time parallel to the vertical plane of pro- 
jection. The edges, n b and b m, being vertical, have for shadows 
upon the internal surface of the chamber, a couple of vertical 
straight lines, parallel to each other (299). The chamber to the 
right having a circular opening in the cover, has a shadow upon 
its internal surface, necessarily different from that in the other 
chamber. It is, however, easily obtained, and in the same manner as 
in Figs. 2 and 3, Plate 28 (300). It must be observed, however, that 



a portion, 9 tu, of this shadow is due to the under edge, b T u, of 
the cover-piece ; whilst the other part, s v, takes its contour from 
the upper edge, y x, of the same piece. A comparison of Figs. 7 
and 8, will render these points easy of comprehension. 

We may here remark that the horizontal projection of these 
shadows are taken as projected by the rays in the direction of the 
arrow, b}, and thrown on the anterior half of the boiler, which is 
supposed to be cut away in Fig. 7, and the points thus found 
squared up to the anterior surface in that figure, give the proper 
vertical projection of the shadows, just the same as if they had 
been projected in the direction of the arrow, b, in Fig. 8, which is 
the horizontal projection of the ray of light, bS proper to the eleva- 
tion. Fig. 7, in which figure we are finding the projection or form 
of the cast shadows. 

There remains, finally, the curve, oe g hy and the rectilinear 
portion, h i, together extending from the first, D </o, to the straight 
line, i t, and which represents the shadow cast by the arc, a e g h, 
of the hemispherical end of the boiler, and the straight part, H i, 
of the upper edge of the cylindrical portion. 

The whole curve, a d, eg t, representing the shadow cast by 
the edge of the section of the boiler upon the internal surface of 
the latter, is precisely the same as that distinguished in architec- 
ture by the name of the niche shadow. It is to be observed, how- 
ever, that the position in this case is different, as the axis of the 
niche is vertical. 

We have now to draw the shadows, proper and cast, upon the 
outer surface of the boiler, as seen in horizontal projection. Fig. 8. 
As for the shadow proper, it consists partly in that limited by the 
line of separation of light and shade, d^ d, obtained by the tangen- 
tial line, making an angle of 45° with the horizon, and touching 
the circle in the point, x, and partly in that bounded by the ellip- 
tic curves, x d^ and d o o\ upon the spherical ends of the boiler, 
the manner of determining which has already been thoroughly 
discussed in reference to Fig. 4. 

352. As to the shadows cast by the cylmdrical chambers, either 
on their flanges where they join the boiler, or upon the outside of 
the boiler itself, they are simply represented by lines inclined at an 
angle of 45*", as a^ d\ b' e^ drawn tangential to the outsides of the 
cylinders, and which are prolonged in straight lines, as far as the 
line of separation of light and shade, upon the cylindrical portion 
of the boiler ; that is, in case they stand out far enough from the 
boiler surface. If, on the contrary, they do not rise very high, as 
exemplified in the end view, Fig. 12, it will be necessary to deter- 
mine the outline of the shadow cast by a portion of the upper 
edge, b> c^ as lying either upon the cylindrical part of the boiler, 
or upon one of the spherical ends. To find the shadow in this last 
case, we have supposed an imaginary vertical plane to pass through 
the luminous ray, b' oS Fig. 8, producing an elliptical section of 
the cylinder, and a circular one of the spherical part This plan 
being reproduced as turned over into the plane of the picture on 
b' o', as an axis in Fig. 12 ; the curve, f* o* h', representing 
the section in question. The point of contact, b*, being transferred 
to b*, is also turned down, as it were, upon the horizontal plane, to 
the point, b' ; so that if we draw a line, b' i", through this point, 
b^, parallel to the luminous ray, b o', similarly brought into the 
horizontal plane, this line, b> i^ will cut the intersectional curve in 
the point, i' ; the horizontal projection, i*, of this point, upon the 
line, B H*, being obtained by letting M the perpendicular, i' I^ 
upon the latter. The corresponding point, i^ in Fig. 8, is taken at 
a distance from b^ equal to b* i", in Fig. 12. Proceed in the same 
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manner with another sectional plane, parallel to the first, and pass- 
ing through the point, o^ in order to obtain a second point, c, of 
the shadow. The operations necessary for determining the inter- 
sectional curves are sufficiently indicated in Figs. 8 and 12. 

353. The cylindrical steam-boiler, represented in longitudinal 
section in Fig. 1, in end elevation in Fig. 2, and in transverse sec- 
tion in Fig. 3, conjoins the various applications of shadows, of 
which we have been treating, in reference to spheres and cylinders ; 
whilst, at the same time, they serve as examples of shading, by 
lines or by washes, indicating the effects to be aimed at, and to be 
attained by the following out of the various principles already laid 
down. 

We must remind the student, that, in order to produce these 
effects, he must not always confine himself to the representa- 
tion of the shadows proper and cast merely. He must, further, 
show the gradations of the light or shadow upon each part, as has 
already been explained with reference to solid and hollow cylinders. 
As upon a cylinder or a cone, there is always a line of pre-eminent 
brilliancy, so likewise, upon the surface of a sphere, will there be a 
point of greater brilliancy than the rest. 

This point is actually situated upon the luminous ray, b' o, pass- 
ing through the centre of the sphere'. Fig. 4. Since, however, the 
visual rays are not coincident with the luminous rays, the apparent 
position of this point is somewhat changed. Thus, if we bring the 
vertical plane, r* o, Fig. 4, into the horizontal plane, the luminous 
ray will coincide, as has been seen, with the line, b o, and, conse- 
quently, its point of intersection with the sphere will coincide with 
the point, t. On the other hand, the visual rays which are perpen- 
dicular to the horizontal plane will coincide with parallels to c o, 
when brought into the horizontal plane. This latter line intersects 
the sphere in the point, o ; and as the light is reflected from any 
surface in the direction of the visual rays, so as to make the angle 
of incidence equal to the angle of reflection, if we divide the angle, 
i 0, into two equal angles, by the line, n o, the point, n, will be 
that which will appear to the eye most brilliantly illuminated. The 
positions, n> and t'l, in the vertical plane of the points, n and t, are 
obtained by letting fall perpendiculars upon the line, o a, represent- 
ing this plane. 

In shading up a drawing, it is preferable to place the bright or 
lightest part between the two points, n^ and ti/ a more pleasing 
effect being obtained thereby. When the sphere is polished, as a 
steel, brass, or ivory ball, a circular spot, of pure white, must be 
left about the point in question. When, however, the body is 
rough, as is supposed in Fig. 3, this part is always lighter than the 
rest ; but, at the same time, it is covered by a very faint wash. 

In the case of a hollow sphere. Figs. 5 and 6, we have to bear in 
mind, not only to indicate the position of the bright spot, which is 
projected, in the same manner, upon the luminous ray, a b, and 
lies between the points, n\ *>, but also the point in the cast shadow, 
which should be the least prominent This latter will be found to 
be at tn^, Fig. 5, as determined by the radius, o' m, Fig. 6, drawn 
perpendicularly to the ray of light, A^ o^ as brought into the same 
plane as Fig. 6. 

The boiler is represented as placed in its furnace, which is 
built entirely of bricks, with a diaphragm passing down the middle 
of its lengthy so that the flame and gases issuing from the grate 
pass along the flue to the left, then return to the right, and 
pass through a third flue, before they reach the chimney. In 
this third flue is placed an auxiliary boiler, full of water, and in 
oommwiication with the main boiler by a pipe passing to the bot- 



tom of each. In this auxiliary boiler, the feedwater becomes heated 
before entering the main boiler, so as not to reduce the temperature 
of the latter to a great extent, upon its introduction into it. 

The main boiler is represented as half full of water. It should 
generally be two-thirds full, but is so delineated that the greater 
portion of the shadow cast upon its interior may be visible. The 
remainder of the space, as well as the cylindrical chambers, are 
supposed to be filled with steam. The base of the chimney is of 
stone, whilst the stalk is of brick. The foundations of the furnace 
are likewise of stone. 

Besides this present example of a boiler, we give a farther exer- 
cise in finished shading in Plate 28, the objects in which we 
recommend the student to copy, on a scale two or three times as 
large, so as to acquire the proper skill and facility of treatment. 



SHADING IN BLACK.— SHADING IN COLOURS. 
• PLATE 33. 

354. In a great number of drawings, and particularly in those 
termed working drawings, and intended for use in actual construc- 
tion, the draughtsman contents himself by shading the objects 
with China ink — sometimes, perhaps^ covering this with a faint 
wash of colour, appropriate to the nature of the material The 
shading, on the one hand, brings out the parts in relief, and renders 
the forms of the object intelligible to the eye ; whilst, on the other 
hand, the colours indicate of what material they are made. This 
duplex artistic representation makes the drawing much more life- 
like, and more easily comprehended. A drawing may be coloured 
in several ways. The simplest plan is first to shade up the various 
surfaces with China ink, having due regard to the respective forces 
and gradations of tone, according to the lights and shades, as has 
been done in the preceding plates. The entire surface of each 
object is then covered with the appropriate conventional wash of 
colour usually employed. It must be laid on in accordance with the 
instructions given in reference to Plate 10, Chap. V. This first 
method of operating may suffice in many cases, but it leaves out 
much to be desired in the effective appearance of the drawing, its 
aspect being generally without vigour, cold and monotonous. A 
better result is obtainable by not carrying the China ink shading 
to so great a depth, and by covering the surfaces by two or three 
washes of colour, laid on in gradations, as was done with the China 
ink itself, so as to produce a sufficient strength of colour at the 
darker parts, whilst the light parts are left very faint ; and where 
the objects are polished, a pure white line or spot is left, which 
adds considerably to the brilliancy of the whole. A softer and more 
harmonious effect can be produced by the use of a warm neutral 
tint, instead of the China ink, for the preliminary shading* This 
colour, however, is very difficult to mix, and to keep uniform. 

When a little practice has given some skill and facility in the 
preparation and combination of the colours, the drau^tsman maj 
prooeed, at the outset, in a more direct and vigorous manner, lear- 
ing out altogether the preliminary shading with China ink, and 
laying on at once the successive coloured washes, rendering, at the 
same time, the effects of light and shade, and indicating the nature 
of the material This last mode has the merit of giving to each 
part of the drawing a richer translucence, more warmth, and a more 
satisfactory fulfilment of the desirable conditions. 

In general, all drawings intended to be shaded should be deline- 
ated with faint grey instead of black outlines, as for a simple out- 
line drawing ; the faintness of such lines avoids the necessity of 
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makiDg them very fine, and their greater breadth affords a much 
better guide to the shading-bmsh. A black outline, however fine 
it may be, always produces a too sharp and hard appearance, whilst 
there is much greater risk of overstepping it in laying on the 
washes. 

355. In Plate 83, we give a few good examples of objects shaded 
in colours, comprising the materials most in use in construction. 

Fig. 1 represents the capital of a Doric colmnn in wood. Although 
the woods are naturally very different in colour, still, in mechanical 
drawings, a single tint is used indiscriminately ; it is, as we have 
said before entirely conventional. 

In fixing upon these colours, the object in view has been to avoid 
confusion and to employ a distinct and intelligible colour for 
the representation of each substance, without seeking to copy the 
natural colour in all its varieties. 

In colouring this wooden capital, after the preliminary operations 
which we have mentioned, for determining the outiines of the 
shadows, proper and cast, it is first shaded throughout with China 
ink, and when this shading has reached a convenient depth, which 
in this case ought to be light and delicate, with bright lights, on 
the prominent parts, and when thoroughly dry, the whole surface 
is to be covered with a light wash, which may be a mixture of 
gamboge, lake, and China ink, or burnt umber alone. The first 
wash of colour, in fact, should be analogous to that of Fig. 7, 
Plate 10, (137), which represents the material in section, part being 
grained both as end and side wood. 

The proceeding in the former instance (137) may be easily modi- 
fied and made to resemble the effect of the present example. Fig. 
1, by leaving certain parts of the objects uncoloured, and by soft- 
ening off the shade in those places where the light is strongest, 
with a nearly dry brush. If however, the draughtsman has become 
somewhat familiarized with the use of the brush and the mixture 
of the colours, he may, as we have said, omit the preliminary 
shading in black, by modifying each shade as laid on, mixing the 
China ink directly with the colours, and then gradually bringing 
up the shades, either according to the system of fiat washes, or the 
more difficult one of softened shades. Care must be taken in lay- 
ing on these shades to commence at the deeper parts, and then to 
cover these over again by the subsequent washes which gradually 
approach the bright part of the object, for in this way a more bril- 
h'ant and translucent effect will be obtained. 

When the objects are of wood, it is customary to represent the 
graining in faint irregular streaks, care being taken to make these 
as varied as possible. A general idea of the effect to be produced 
will be obtained from Fig. 1 of this plate, and Fig. 7, Plate 10. 

Side and end wood is often shown in accordance with the 
general system (354), by shading the object complete, and then 
graining it aU in China ink, until it assumes the appearance of the 
key, E, in the railway chair, Plate 13, and then laying over the 



whole surface, a light wash of some of the colours proper for wood 
as just described. 

Following out these principles, the draughtsman may proceed to 
colour various other objects composed of different materials, merely 
varying the mixtures of colour according to the instructions given 
in reference to Plate 10. 

Fig. 2 represents the base of a Doric column in stone, showing 
the flutings. This being an external view, the tint to represent the 
stone is not made so strong as for the sectional stonework, repre* 
sented in Plate 10, particularly on the light parts. A yellowish 
grey may be used for it, made by mixing gamboge, the predominant 
colour, with a little China ink, adding a little lake to give warmth. 

Fig. 3 represents the top of a chimney of brickwork, the form 
being circular. In this external view, each brick is indicated in 
outline ; and when the scale is large, a line of reflected light is 
shown on the edges towards the light, near the brighter part of 
the chimney, to render the bricks more distinct from each other. 
Indeed, it is generally advisable to leave a narrow, pure white 
light at the edges of an object which are fully illuminated, as it 
gives an effective sharp appearance. 

These three examples of wood, brick, and stone, represent bodies 
with rough surfaces, and which, therefore, can never receive such 
brilliant lights as objects in polished metals ; no part, indeed, should 
be entirely firee from some faint colour. 

Fig. 4 represents a pair of polished brass bushes in elevation, 
as detached from their bearing-block or eye of a rod, according to 
the kind of journal they may be used for. 

Fig. 5 represents either a nut or bolt-head of wrought iron ; and, 
as we have supposed it to be turned, planed, and polished upon 
its entire surface, it has been necessary to leave pure white lights 
at the brighter parts, to distinguish the surfaces from those which 
are rough and dull. It \a the same in the example, Fig. 6, which 
represents the base of a polished cast-iron column ; both of these 
being also shown in elevation, and coloured to correspond to the 
material of which they are made, in accordance with (132, 133). 

We hope that the principles of shadows and shading, ex- 
plained and exemplified in the last two chapters, may serve as 
sufficient guides for the various applications which may present 
themselves to the draughtsman — whether his skill be cdled forth 
to render the simple effects of light and shadow, or to produce the 
gradations of shade and colour due to roundness or obliquity of 
surface— >to the various positions of the objects in their polished or 
unpolished state, and to the various materials of which they may be 
composed. 

Thus, it will be understood, that although two objects are pre- 
cisely alike in material and form, if they are situated at unequal 
distances from the spectator, the nearer one of the two must be 
coloured more strongly and brilliantly than the more distant, greater 
force and depth being given to the darker shades. 



CHAPTER XL 

THE CUTTING AND SHAPING OF MASONRY. 

PLATE 34. 



356. The operation of stone-cutting has for its object, the pre- 
paring and shaping stones in such manner that they may be built 
up into any desired form in a compact and solid mannei^, great 
care and skill, as well as mathematical knowledge, is more parti- 



cularly required in the preparation of stone for arches, vaults, 
arcades, and similar structures. 

The study of the shaping of stone is based entirely upon descrip- 
tive geometry, being indeed but a particular application or branch 
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of it, and in it have to be considered the generating of Borfaoes, as 
well as their intersections and development. 

In proceeding to adapt the stones to the position they are to 
occupy, the mason should prepare a preliminary drawing of the 
actual size of each stone, as weU as a general yiew of the entire 
erection, indicating the joints of each stone ; these according to the 
▼arious positions to be occupied by them, are called hey ttonea, arch 
sioneSf &c. 

It is not our intention to give a complete treatise on the shaping 
of masonry; but, as this study certainly forms a part of geome- 
trical drawing, we have thought it quite within the design of the 
present work to giv9 a few applications, sufficient to show the line 
of procedure to be followed out in operations of this nature. 

THE MABSEILLES ASCH, OB ASRIEBE-YOUSSXJILE. 
FlOUBES 1 AVD 2. 

357. We propose to prepare the designs for the bay and arch 
of a door or window, to be built of stonework, the upper part being 
cut away, so as to present a twisted surface, analogous to that 
known as the arri^re-voussure of Marseilles. 

Fig. 1 represents the vertical projection or front elevaUon of one 
form of this kind of arch, and Fig 2 is a sectional plan correspond- 
ing to Fig. 1. 

The surface of this bay and arch is such as would be generated 
by a straight line, c a, kept constantly upon the horizontal, c* k>, 
projected vertically on the point, o, and moved, on the one hand, 
upon the semi-base, b b d, of a right cylinder, having g> k^ for its 
axis ; and, on the the other^ upon the circular arc, f K a, situated 
in a plane parallel to that of the base, bed. 

The lateral faces, f b L N and a d q a, of the bay, are vertical, 
and are projected horizontally in f' b^ and a* d*. Fig. 2. These 
faces intersect the twisted sur&ce at the curves, f b and a d, which 
we shall proceed to determine. 

For ^is purpose, the first thing to be done is to seek the pro- 
jections of the straight generatrix, o A, as occupying different posi- 
tions, so as to obtain their points of intersection with one of the 
oblique planes. 

We may remark, that if the arc, f K a, be prolonged to the right, 
for example, of Fig. 1, and a number of lines be drawn through the 
points, 0, as J, c a, 5, and c g, they will represent so many ver- 
tical projections of the generatrix, o a, in different positions. These 
straight lines meet the semicircle, b e d, in the points, I, c, d, e, which 
are projected horizontally in the points, I*, c^ <^, eK These same 
lines also cut the circular arc, f a o, in the points, j, a, b, g, which 
are projected upon the line, f* g', the horizontal projection of this 
line, in the points, J*, a\ b\ qK By drawing lines through these last, 
and through those first obtained, i*, c^ (2*, e\ we obtain the straight 
lines, o' j\ o* aS o^ 6>, c' q\ which are the horizontal projections 
of the generatrix, o a, and correspond to the vertical projections in 

Fig.l. 

These straight lines cut the plane, a^dS in thepoints, u}/^ P, which 
are then projected vertically to h,/, t, upon the straight lines, o j, 
a, c 6 ; the curve, A h/ t d, passing through each of these points, 
is the line of intersection sought, and it is reproduced symmetri- 
cally at f b, to the left hand of Fig. 1, so as avoid the necessity of 
repeating the whole projection over again. 

To obtain this line of intersection full size, it is necessary to 
bring the plane, d* a}, into the plane of the picture, by supposing it 
to turn about the vertical, d q, projected horizontally in D*, as an 
axis ; during this movement, each of the points, aS m^ /^, will 



describe an arc of a circle about the centre, i>S finally coiodding 
with the points, m*, a',/^, and t>. Through the corresponding pointo, 
A, M,/, t, in the vertical projection, we must draw a series of hori- 
zontal lines A a', m k*,//^, upon which, square over the preceding 
points, M*, A*, /I, i*, by which means will be obtained the carre, 
a', m',/', Pf D^, representing the exact form or parallel projection 
of the line of intersection. 

358. The preliminary design thus sketdied out,*give« nothing 
but the outline of the surface of the erection, and it now remains 
to divide it into a certain number of parts, to represent the indi- 
vidual stones of which it is to be built up. 

The number of divisions necessarily depends upon the sizes and 
the nature of the stone at the mason's disposal ; the number 
should, however, in all cases, be an odd one, so that a central space 
may be reserved for the principal piece, known as the key-stone. 

The divisions are struck upon the semicircle, b s n, by a series 
of radii converging in the centre, c ; it is these lines which repre- 
sent the divisions of the stones. Below the arched part, the re- 
gular pieces as X, consist of a series of stones of equal dimensions, 
the joints of which are horizontal. 

The horizontal projections of each of the stones forming the arch 
are straight lines, because the joints lie in planes perpendicular to 
the vertical plane, whose intersection with the twisted surfaoes is 
always a straight line corresponding to a generatrix ; thus, theplanes, 
and p c, of the joints on either side of the keystone, k, are per- 
pendicular to the vertical plane, and pass through the axis, c^ t} \ 
and portions of them, n h and o /, comprised between the directing 
circles, bed and f k a, are represented in the horizontal projection 
by the straight lines, n* h^ and o' Z», which are the joints of the 
stones as seen from below — that is, the lines of their intersection 
with the twisted surface. 

It is the same with the planes, m c and j c, in which lie the 
joints of the comer stones, t z ; the portions, k g and i m, of the 
joints falling upon the twisted surface, are likewise projected hori- 
zontally at the straight lines, k^ g^ and M* i^ 

359. The design of the erection being thus completed, the stone- 
cutter should delineate each individual stone as detached from the 
arch, in such a manner as to represent all the faces of the joints, 
and he then takes for each, a stone of the most convenient dimen- 
sions from amongst those at his disposal, which are generally hewn 
out roughly in the shape of rectangular parallelopipeds ; on each 
of these pieces he marks off the parts to be cut away, to reduce the 
stone to the required form and dimensions. 

Thus, supposing he commences with the key-stone, k, for example, 
detailed in front view and vertical section through the middle in 
Figs. 3 and 4, respectively, he takes a parallelopiped, of which the 
base, pqrSfis capable of circumscribing the two parallel faces of 
the upper part of the key-stone, and of which the height is at least 
equal to the length, f^ u\ or k* k'. After having cut and finished 
the two vertical faces, P o and t#* v, of the prism, as well as the 
horizontal face, P u\ he measures off upon the anterior face, Fig. 3, 
the parallel and vertical sides, t o and u f, and then the oblique 
lines, h and p I, which, it will be remembered, converge to the 
same point, o, the axis of the voussure. He next sets off upon a 
template the arcs, n o and h /, Fig. 1, and reproduces them thence 
upon the parallelepiped, Fig. 3, at n o and A /. After this pre- 
liminary marking out, the stonecutter reduces and takes away all 
the material upon the sides of the parallelopiped which lies outside 
the lines, o h and p / ; these faces being finished, the shape-designer 
Uys out upon them the lines projected at n A and o 1 In order 
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that the form of this joint may be more easily comprehended, and 
its actual size seen, we have brought the face, which is projected 
in the line, p I, Fig. 2, into the plime of the picture, and represent- 
ing it in the line Fig. 5, as turned over at right angles to that face, 
or as parallel to the plane of projection. 

This view, it will be seen, is easily obtained ; for, on the one hand, 
we have the line, p* y, equal to K* K% representing the thickness of 
the wall or of the arch ; and, on the other hand, all the other 
dimensions, as projected horizontally in Fig. 2, so that the inclina- 
tioD of the Une, o> l^, can be determined with the most rigorous 
exactness. 

This stra^ht line, as well as the corresponding one on the op- 
posite face, o A, serves as a guide to the stonecutter in reducing 
the twisted portion of the surface of the key-stone, comprised be- 
tween them ; and as a£fording a means of verification, it may be 
remarked, that this surface should be cut in such a manner, that a 
role or straight edge may be applied to all parts of it, being guided 
by the ares, n o and hl\ the former of which springs from the 
point, o*, and the latter from the points, 2^ on the face p* d?, Fig. 5. 
To determine the faces of the joints of either of the two comer 
pieces, z, represented in detail, and detached in front and side ele- 
vatioDs, in Figs. 6 and 7 respectively, but as thesejfaces cannot be 
seen in these projections in their full dimensions, it is necessary to 
proceed in the same manner as before, bringing each face into the 
plane of projection — ^that is, delineating auxiliary views of them, as 
if parallel to this plane. 

Thus, to obtain the actual dimensions of the face of the joint 
projected at o A, in Fig. 6, with the point, tc, as a centre, describe 
a series of arcs, with the respective radii, ow, nto, kw, so as to 
reproduce the points o, n, A, at o', n'. A', upon the vertical, o' to ; 
then, by setting off, n* A> equal to n> A*, Fig. 2, measured on the 
honsontal plane, and joining the points. A* n'. Fig. 8, we get the 
inctination of the generatrix line, n* A>, which is projected vertically 
at A A, Fig. 1. The form of the joint face is completed by drawing 
the horizontal lines, o' v, A^ z\ y* v\ and the verticals, o' n, v v^ 
and z* yi, tiie lengths between, which last are already given full 
size in Fig. 7. It will be observed that Fig. 8 is on the plate 
removed a little to the right of the vertical, o' w ; but this is a 
nutter of no importance, and is merely done for convenience sake. 
The same system of auxiliary projections is applicable to the 
determination of the dimensions of the other face of this stone — 
namely, that projected in the line, tn g, Fig. 6, which is brought 
round to the horizontal, m^ g^j and drawn with full dimensions in 
Fig. 9, measured perpendicular to this line ; in this last face, it is 
necessary to bear in mind the portion of the line of intersection of the 
sides with the arched part which it contains, and which is obtained in 
its actual proportions, as at a' A, by means of a template formed 
to the curve, a' m^, in Fig. I. The stone, T, beneath, of course, 
contains tbe remainder of the intersectional curve. 

The methods just explained, in regard to the shaping of the key- 
stone, and one of the, comer-stones, may be extended, without 
difllculty, to the remaining portions of this Marseilles arch. 

In this application, it has been necessary to determine the pro- 
portions of the twisted bay of the arch, as well as the faces of the 
joints ; but in the more general case of straight bays, such as that 
represented in front elevation, Fig. 10, the operations are consider- 
ably simplified, and the designer has merely to attend to the form of 
the joint fooes, making use, for this purpose, of the auxiliary pro- 
jections, as above described. The delineation of the various parts of 
this figure presenting no new peculiarity, it need not further detain us. 



360. Let it be proposed to delineate a circular vault with a full 
centering, bounded by two plane surfaces oblique to its axis. The 
example given, which is represented in front elevation and sectional 
plan in Figs. 11 and 12, respectively, is taken from the entrance 
to the tunnel on the Strasbourg Bailway, near the Paris terminus, 
and it is a form frequently met with in the construction of railways. 

In the representation of this vault, we have supposed one of the 
oblique planes to be parallel to the vertical plane of projection, and 
it consequently follows that the axis of the arch is inclined to this 
plane. 

Let A B be this axis, and o d the horizontal projection of a 
plane at right angles to it ; with the point, B, as a centre, describe 
the semicircle, c a> d, representing the arch in its true proportions, 
as brought into the plane of the picture. Let us suppose this 
semicircle to be divided into some uneven number of equal parts, 
as in the points, a, 5, c, d, e,/; through each of these points draw 
straight lines, passing also through the centre, b, and representing 
the joints, ag^hhyC t, of the arch stones, being, of course, normal 
to the circular curvature of the arch, and being limited in depth, 
as we shall suppose, by the second outer semicircle, g i I, concentric 
with the first. Each of these joint faces intersects the centering of 
the arch in a straight line parallel with its axis, and the horizontal 
projections of these intersections, as seen from below, are obtained 
simply by drawing through the points, a, b, c, d, lines parallel to 
the axis, b a ; tiiese last extend as far as the vertical plane, a e, which 
bounds a portion of the vault. The external faces of the key and 
arch stones are limited by straight vertical lines, such as m A, • n, 
oj, and horizontals, as mi and n o. 

We have now to obtain the projections on the vertical plane. 
Fig. 11, of the intersection of each of the arch stones by the plane, 
A b. 

We may rraiark, in the first place, that since this plane is 
oblique to the axis of the cylindrical arch, it produces an elliptical 
section, having for its semi-transverse axis the length, o> a, and for 
its semi-oonjugate axis, the length A b^ equal to the radius, a^ b. 
As much of this ellipse as is required is drawn according to one or 
other of the many methods given {et aeq,) — say as at o* ¥ b*. Fig. 
12, which curve is reproduced at e' a3 5^, in the elevation. Fig. 11. 

If we, in like manner, obtain the projection of the semicircle, 
F ilf which limits the radial joints, we shall also obtain the portion 
of an ellipse, v* g* t*, and we have further merely to project the 
points, as h\ e*, upon the first ellipse, in a' ^ e' ; as also on the 
second one, the points, ^, A^ t^, corresponding to ^ A and «. The 
straight lines, c* v«, (fi g^, A' A*, e' «", represent the intersections 
of the faces of the arch stone joints, with the plane, a e. 

The vault being supposed to extend no farther back than the 
plane, p D, it will be necessary to represent the intersection of this 
last with the arch stones which extend thus far upon this plane. 
D. We have, therefore, to project the elliptic curves, o* i* e*, and 
f' ^ f', corresponding to the quarter circles of the radii, f b and o b. 
As the arch stones cannot extend the entire length of the vault, 
they are limited by planes, m n, perpendicular to the axis, and, 
consequently, parallel to o d, so that the projections of these joints 
will be but repetitions of portions of the same elliptic curve ; care 
is taken so to dispose the blocks of stone, that no two joints form 
a continuous line, the joints in one course being brought between 
those in the adjacent ones, as is customary in all brick and stone 
work. 

361. We have now to determine the intersection of the oblique 
plane, ao, with the remaining half of the same circular vault, and 
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then to obtain the projection of this intersection upon the vertical 
plane. 

The plane, a o, also produces an elliptical section of the vanlt ; 
this is reprsented at o> ^ <, as brought into the picture in the auxiliary 
diagram. Fig. 11, which gives its actual proportions ; the semi- 
transverse axis, o' o, of this ellipse is equal to o A, and its semi- 
conjugate axis is equal to the radii, a^ b, of the vault. 

After having divided this curve into a certain uneven number of 
equal parts, draw normals,* pu, qv, rx, ay, and^s, through the 
points of division representing the joints of the arch stones, the 
remaining sides of the external faces of which are limited by hori- 
zontals and verticals, as before. 

If the vault is supposed not to extend beyond the plane, a o, the 
arch stones will have to be shaped as facing stones, and their joints 
will require to be set off upon the first ellipse, a* q t, and to be 
limited by the second, h^ ^ f", obtained from the intersectional plane, 
H I, drawn parallel to a o ; by drawing straight lines from the points 
of division obtained upon the ellipse, a* 9^ ^, to the centre, o, we 
obtain the points, p', 9^ r*, <", of intersection of these lines upon 
the second ellipse, and the straight lines, p jp^, q q^t ^ ^1 ' '^t repre- 
senting the intersections of the arch stones with the inside of the 
vault ; these stnught lines are projected horizontally in p^ p^y q^ q^, 
r* f', &C., Fig. 12, where they are visible, because the diagram is 
supposed to be a projection of the vault, as seen from below ; the 
two diagrams, Figs. 12 and 13, will render the determination of the 
vertical projection. Fig. 11, very easy, the same lines there being 
designated by the same letters. 

To limit the arch facing stones, and unite them conveniently 
with the regular courses of the vault, they must be cut by planes, 
such as J K, and j^ p, Fig. 12, perpendicular to the axis, a b. The 
intersections of these planes with the vault, produce portions of 
circles, which are projected as ellipses in Fig 13, such as l' ^ v 
and u' r^ x\ for the inside of the vault, and j> q b' and j* s f', for 
their outer extremities, these various ellipses corresponding to the 
radii, c b and f b. The joints of these stones are finally completed 
by planes, such as K^ p> s Q, Fig. 13, passing through the axis, a b, 
and through horizontal lines, t^ z* and Q s, in the vault, the latter 
and inner one of which only is visible in the auxiliary vertical pro- 
jection. Fig, 13, and in the elevation, Fig. 11. 

362. In constructing this vault, it is necessary to make detailed 
drawings of each particular stone, showing the dimensions of all 
the faces. In Figs. 14 and 15, we have represented one of these 
arch stones, c, in elevation and plan, as detatched from the erection, 
shown in firont elevation, Fig. 11 ; and showing more particularly 
the lines and surfaces of this particular stone, which are not apparent 
in Figs. 12 and 13. Thus, in these views may be distinguished : — 

1st. The anterior face, vqrx, which is projected horizontally in 
V* r\ Fig. 15, upon the line of the plane, a o ; this face intersects 
the vault at the elliptic curve projected at 9 r, in Figs. 11, 13 and 
14. 

2d. lie face of the joint, xrr^w, Figs. 13 and 14, is projected 
horizontally inx^r^f^ w\ in Fig. 15, and the one edge, x r, is pro- 
jected upon the plane, o a, in the line, x> r\ whilst the opposite 
edge, 117 r*, is prelected upon the line, w^ r^, parallel to G a; and 
the lower edge, r r^, the line of intersection of this face with the 
interior of the vault, is projected in the line, r^ r^, whilst, finally, 
the upper and fourth edge, xw/iB projected at x^ tcK This face, 
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which is oblique in all the other views, is projected as parallel to 
the plane of the picture in Fig. 16, so as to show its actual cUmen- 
sions corresponding to the scale of the other views. 

3d. The second joint face, v qq^w^ia opposite to the first, and 
projected horizontally in »» y» j* w», Fig. 15. 

4th. The face, q s z T, the horizontal projection of whicli is 
Qi 8* z* T* ; this face is situated in a plane passing through the axis 
of the vault, and is represented by the line, q' t*, on the radius, 
F q', in the additional diagram, Fig. 17, which is the projection 
of the stone as seen at right angles to that in Fig. 15, and as it were 
turned over to the right on l P, as an axis. 

6th. The species of dovetail joint, y y*, t z r* r, of which the 
edges, q q* and r t^, are projected, as has been seen at q^ 9*, and 
f'^ f^\ whilst the sides, q r and z r*, are similarly projected at q^ r^ 
and z* r*, and finally the side, 9* T at ^ T*, in Fig. 15. 

6th ; and lastly, the posterior face, q, of which it will be easy 
to render an account by means of the distinctive letters, which are 
invariably the same for the same points, although additional special 
marks are superadded to obviate confusion amongst the varions 
figures. To render the vertical elevation and plan, Figs. 14 and 15, 
still more intelligible, we have added the subsidiary view, Fig. 17, 
representing the projection of the block in the plane, l p, as bronght 
into the plane of the picture ; thus giving the actual proportions of 
the faces projected in the planes, s^ r* and p <^, in Figs. 15 and 17, 
respectively. To obtain the various points seen in this view, it is 
sufficient to set off the vertical distances from the line, o^ 0, of the 
elevation, Figs. 13 and 14, obtaining in this manner, for instance, 
the points, r*, 5*, t?*, «», Ac, corresponding to r, 9, v, and «, in Figs. 
13 and 14, and r*, q\ v\ and ir», in Fig. 15. 

The examples chosen for this plate (34) combine the more difBcnlt 
problems and applications met with in the shaping and arrangement 
of stonework, and will make the student acquainted with the opera- 
tions upon which designs for these purposes are based, as well as 
with the general methods to be adopted in obtaining oblique pro- 
jections by the employment of auxiliary projections, taken, as it 
were, in planes parallel to the different surfaces, and then brought 
into the plane of the picture ; this system, at the same time, being 
of much use in ascertaining the exact proportions of various 
surfaces, such as the joints of masonry. 



RULES AND PRACTICAL DATA. 

STRENGTH OF MATXIUALS. 

363. The various materials employed in mechanical and other 
constructions differ considerably in their several natures, both with 
reference to the amount of force they will bear or resist uninjured, 
and the description of force or mode of applying it, to which tbey 
offer the greatest resistance. 

Such forces are termed, according to the mode in which they 
are applied — tension, compression, fiexure, and torsion. 

A series of practical rules have been deduced from often re- 
peated experiments, which serve as guides for readily calculating 
the dimensions of any piece of mechanism, with reference to the 
description and degree of force to which it will be subjected. 

BE8IBTANCB TO COMPBESSION OB CBUBHIKa FOBCB. 

Compression is a force which strives to crush, or render more 
dense, the fibres or molecules of any substance which is submitted 
to its action. 

In genera], with oak or cast-iron, flexure begins to take place in 
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a piece submitted to a crashing force, as soon as the length or 
height reaches ten times the least dimension of the transverse 
section. Up to this point, the resistance to compression is pretty 
r^nlar. 

Bule — ^To find the greatest compressing weight to which various 
substances may be submitted with safety : — Multiply the trans- 
verse sectional area of the piece in square inches, hy the number of 
pounds one square inch will sustain when the length is less than 
htelve times their least dimension, and this co-efficient for the 
various suhstanees can he found on referring to the annexed and 
other tables in any Engineers' Pocket-Book and similar works. 

Table showing the weight in pounds per square inch qf solids — such 
as eohtmns and other supports — will sustain, according to their 
height, without being crushed. 

WOODS An> MBTAU. 



DeacrlptioD 

of 

HatexlaL 



Sound oak,.... 
Inferior oak, . . 
Pitch pine^ .... 
Common pine, 
Wrought-iroD, 

Oftst-iroD, 

Boiled copper, 



PropoitloD of length to least dlmeiuioii. 



Up to 12. 



lb. 

426-750 

270-276 

533-437 

137-982 

14225000 

28450000 

11707-175 



Above 12. 



lb. 
855-625 
119490 
440-975 
116-645 
11877-876 
28755-750 



AboTea4. 



lb. 

213-375 

71125 

266007 

69-702 

7112-500 

14225-000 



Above 48. 



lb. 

71125 
ii 

106 687 

II 

2375-675 
4741-666 



Above 60. 



lb. 
85 562 



1194-900 
2375-575 



Firsi EacampHe. — ^What weight can be put with safety upon a 
pillar constructed of ordinary bricks, the pillar being of a rectan- 
gular section, of 50 inches by 60, and the height being below 12 
times the length of this cross section ? 

We have 50 X 60 = 3000 square inches of transverse sectional 
area. A pillar of bricks so formed will safely support 57 lbs. per 
square indi of sectional area; therefore, 

3000 X 57 = 171,000 lbs. 
Second Example, — ^What must be the transverse sectional area 
of a square post of sound oak, 19 feet 8 inches in height, and 
which will safely bear a load of 60,000 lbs.? 

If we suppose the length to be not more than 12 times the least 
cross section, the number or co-efficient of compression, in pounds 
per square inch, is 426*75. 

,^ 60,000 ,.^ . , 

Then, - , * ,^ = 140 square mches : 

^ 426-75 

and 

yiiO = 11*8 inches, the length of the supposed side. 

Comparing this 11*8 inches with the given height, we find that 

19 ft. 8 in. _ 236 _ ^^ 

11-8 in. "^ 11-8 ■" ' 

This shows — and we have constructed the example with this 

view — that in this instance the proportionate length has not been 

correctly estimated ; and therefore, instead of taking the number 

426*75, we must take the next number in the second column for 

a trial division. The calculation will, consequently, have to be 

rectified thus — 

60,000 -^Q>_ . , 
35^25 = 168-7 square mcheB, 

and t/168-7 = 13 inches nearly, the proper dimension for the 
cross section of the post. 



I 



In shops and warehouses, builders employ solid cast-iron co- 
lumns, instead of brick pillars, so as to take up less space. These 
columns are generally calculated to support loads of above 
33,000 lbs. each. They are usually about 3 inches in diameter, 
and 12 feet high. In which case, supposing a cubic foot of cast- 
iron weighs 452 lbs., they will weigh (3 inches being equal to '25 
foot)— 

•785 X •25» X 12 X 452 = 266 lbs. 

If, instead of these columns being massive or solid, we employ, 
in place of two of them, a hollow one, to support the proportionate 
load of 66,000 lbs., and being 6 inches in diameter, this increase 
in the diameter makes the ratio of the length to it 24, instead of 
48 ; and the co-efficient to be taken will consequently be 14,225, 
instead of 4,742. 

Now, 66,000 -T- 14,225 := 4*64 square inches would be the cross 
section of a solid pillar, equivalent to that of which the thickness 
is sought. Since, however, the diameter of the latter is 6 inches, 
its section of solidity would be— 

«785 X 6' = 28*26 square inches. 
Then, deducting from this area 4*64 square inches, as above deter- 
mined, we have 28*26 — 4*64 = 23*62 for the cross sectional area 
of the central hollow. From this we deduce the internal diameter, 
thus — 



V 



23*62 
•785 



= 5*485 inches. 



X 12 X 452 = 175-27 lbs. 



And, finally, the thickness of the column will be— 

6—5-485 ^.^. . , 
= •2575 mches. 

The weight of such a column, if 12 feet in height, will be^ 
4*64 
144 

This result shows very markedly how great an economy results 
from the employment of hollow in place of solid cast-iron columns. 
The thickness, -determined as above, of *2575 inch is theoretically 
sufficient, but in practice wo seldom find such castings under half 
an inch thick. 

In the above examples the mouldings usually added to the 
columns are not taken into the account. With these, the weight 
will be a tenth or so more, according to the description of moulding. 

TEN8I0HAL BB8I8TAN0E. 

364. A tensile force is one which acts on a body in the direction 
of its length, tending to increase the length, and when carried to 
a sufficient extent to cause rupture. 

As with reference to compression, many experiments have been 
made to determine the sectional area to be given to bodies of 
various materials submitted to a tensile strain, so that they may 
safely resist a given force. 

First Example. — ^Required the sectional area for four square 
tension -rods of wrought-iron, to connect the top and bottom of a 
hydraulic press, in which the force which tends to separate these 
two ends, and consequently to rupture the rods, is equal to 500,000 
lbs. 

Each rod must be capable of resisting 

4 
The best wrought-iron may be safely subjected to a strain of 
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14^225 lbs. per square inch of cross seotioiL We have, conse- 

qnently, 

126,000 oHQ -1. 

-— -4- — - =: 8*79 square inches, 
14,225 ^ 

for the area of the cross section ; and 

1^8 -79 = 2*964, or nearly three inches, 
for a side of the square rod. 
If the rod were round, we should have — 

-T-^ = 3'345 inches, for the diameter. 
•786 

In the same manner, the diameter proper for steam-engine 
piston-rods may be calculated^ when the pressure on the piston is 
known. 

Second Example, — ^Required the amount of tensile or tractive 
force which can safely be resisted by a carriage draw-shaft, made 
of ash, and having a cross-sectional area of 16*5 square inches. 

Ash will sustain a tensile strain of 1707 lbs. per square inch of 
section; therefore, 

1707 lbs. X 16-6 = 26,460 lbs. 

BBBIBTAirOS TO FLBXUBS. 

366. The resistance of a piece of any material to flexure, is the 
effort which it opposes to all strain acting upon it in a direction 
perpendicular to its length, as in the case of levere^ beams, or 
shafts. 

Bodies may be submitted to the strain of flexure in several 
ways. Thus, the piece may be firmly fixed in a wall by one end, 
whilst the straining weight or force is applied at the other ; or it 
may be securely fixed at both ends, and the weight applied in the 
centre ; or it may be supported at the centre, and have the weight 
applied at both extremities. 

We shall first consider the case of a piece fixed by one end, and 
subjected to a strain at the other. 

Let W be the weight in pounds, placed at a distance, L, in 
inches from the wall, in which the piece under experiment is 
fixed ; C, a co-efficient varying with the material ; a, the horizontal 
dimension in inches of cross section ; b, the vertical dimension, 
similarly expressed ; — ^then the greatest weight that the piece will 
bear, without undergoing alteration, will be determinable by the 
following formula, the piece being of rectangular section, and fixed 
at one end, and weighted at the other. 

C X aV 
TIT"* 

Now, C = 8,536, for wrought-iron j 

10,668, for cast-iron ; 
864, for oak and deal. 

Substituting these values of C, in the preceding formula, we 

shall have, for pieces of rectangular section, according to the 

material — 

For Wrought'Iron. 

^ 8636 Xa5» . , 1422-5 X a 6» 
W = ^rO 9 or more simply, = = . 



W = 



6L 



For Ckut'Iroiu 



W: 



10,668 X a ft» . , 1778 X aft' 
' ^, or more simply, = = . 



6L 



For Wood. 



W = 



864 X o ft' . , 142 X fl &■ 
■> or more simply, = = . 



6L 



These formulie lead us to the following rule for pieces of rec- 
tangular section : — MtdUply the harizonkU dimennon in inches of 
eroet section^ hy the square of the vertical dimension in ineheSy a/nd 
by a coefficient depending on the material : then divide the prodwt 
by the length in ineheSf and the qnotient taiUbe the weight in pounds^ 
which the piece will sustain without alteration. 

This rule is derived from the £sct, that the transverse resistance of 
pieces submitted to a deflective strain is inversely as their length, 
directly as their width, and as the square or their vertical thickneBS. 

According to this, pieces fixed at one end, and intended to bear 
a strain at the other, should be placed on edge ; in other words, the 
greatest cross section should be parallel to the direction of the 
strain. 

First Example, — ^What weight can be suspended, without causing 
deflection, to the free end of a wrought-iron bar, fixed horizontally 
into a wall at one end, and projecting 6 feet (= 60 inches) from it ; 
the bar being of a rectangular cross section, having its horizontal 
dimension, a := 1*2 inches, and its vertical dimension, h = 1*1 
inches? 

We have 



W: 



1422 6 X 12 X 16« 

' 60 



: 72-8 lbs. 



This result is obtained on the supposition that the bar .is placed 
on edge *, but what would be the weight other things being equal, 
supposing the bar to be placed on its side — ^that is, when 1*6 inches 
is its horizontal dimension, a, and 1*2 its vertical dimension, 6? 

We have, in this case, 

1422-5 X 1-6 X l-2» 



W: 



60 



. = 64-6 lbs. 



This inferior result shows the advantage of placing the bar on 
edge. 

When the piece under experiment is of square instead of oblong 
section, a necessarily = b, and a b^ becomes ^, and this is conse- 
quently to be substituted in the formula for the former. 

1£, however, the piece is cylindrical, the formula will be— D re- 
presenting the diameter, 

854 XD3 



For wrought-iron, W = 



For cast-iron, W = 



1066 X D* 



For Wood, 



W = 



86 



L 
X D* 



In each of the cases just referred to, the transverse sectional 
dimensions of pieces fixed at one end, and submitted to a strain at 
the other, are determined by the following formulas : — 

The rule for the determination of the transverse section, whether 
rectangular y square, or circular, of a bar or beam fixed by one end | 
and loaded at the other is thus stated : — Multiply the weight in 
pounds by its distance in inches from the support ; divide the pro- 
duct by a coefficient varying with the material and form of section : 
and extract the cube root, which wiU give in inches the vertical 
dimension, the side of t?ie square, or the diameter of the circle, 
according as the bar or beam is rectangular, square, or circular is 
cross section. 

First application : What should be the transverse section of a 
rectangular wrought-iron bar, intended to carry at its free end, and 
at a distance of 5 feet from its support, a weight of 72*8 lbs., the 
bar being supposed to be placed on edge ? 
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We have here, 



ah^z=L 



72-8 Ibe. X 60 in. 



= 3-071 ; 



1.422-5 
then, if a he taken =: 1*2 inches, 

h = v =1*6 inches, the vertical dimension. 

1-2 

Second application : What should the side of the cross section 

measure, of a square har, under similar circumstances otherwise ? 



d» = 



72-8 X 60 
1422-5 



= 3-071, and 



h = i/3-071 = 1-454 in., the thickness of the bar. 
366. Obsebyations. — ^When the bar or beam, under experiment 
possesses in itself any weight capable of influencing its resistance ; 
or, besides the weight suspended or acting at one end, has a weight 
equally distributed throughout its length ; the transverse-sectional 
dimensions are, in the first place, determined without taking the 
additional weight into consideration. This is, then, calculated 
approximately, and the half of it added to the suspended load, a 
fresh calculation being made with this sum as a basis. 

A bar, or beam, fixed by one end, and loaded at the other, has 
always a tendency to break off at the shoulder, or point of junc- 
tion, with its support, because it is on that point that the weight or 
strain acts with the greatest leverage. When, therefore, the 
transverse section of the piece has been determined, in accordance 
with the formulae given above, which are calculated for the dimen- 
sions of the piece at the shoulder ; the section may be beneficially 
diminished towards the free extremity, thereby economising the 
material, and lessening its own overhanging weight. The curve 
proper to give the outline is the parabola, as described in reference 
to Plates 5 and 12. It may also be obtained in the following 
manner, for the particular case under consideration : — Calculate the 
transverse section for different lesser lengths of the piece, the other 
data remaining as before, and the required curve will be one which 
passes through the outline of each section, when they are placed at 
distances from the load equal to the lengths for which they are 
calculated. This curve is also given to bars, beams, or shafts fixed 
at both ends and loaded in their middle, or sustaining a uniform 
weight throughout their length. The cast-iron shaft represented 
in Plate 12 may be taken as an example of this. Steam-engine 
beams and side levers are also formed with feathers of this shape, 
as it gives them a uniform resistance throughout, so that they are 
not liable to break or give way in any one point rather than 
another. 

A bar, or beam, supported in the centre, and loaded at either 
end, will support double the weight capable of being carried by one 
of similar dimensions, supported at one, and loaded at the other 
end ; it is, indeed, evident that each weight will only act with half 
the leverage, being only half the distance from the point of support. 
Similarly, a bar, or beam, freely supported at both extremities, 
and loaded in the centre, will support a weight double that sus- 
tained by a piece of the same dimensions fixed at one, and loaded 
at the other end. Therefore, in calculating the proportions for these 
two last-mentioned cases, it is necessary simply to double the 
coeflicient, c, given for the first case. 

A bar, or beam, firmly and solidly fixed by both ends, will support 
a load four times as great as one of the same dimensions fixed at one 
end, and loaded at the other extremity. It will, conseqently, be 
necessary to quadruple the above coefficient in this case. 

For calculating the diameters of the spindles, or journals, of 
caat-iron shafts for hydraulic motors, which are intended to sustain 



great weights, the following particular formula may be employed : — 

D = ^^'W X -1938, 
where D expresses the diameter in inches, and W the weight to be 
sustained in pounds. 

According to this formula, the diameter <^ the cast-iron spindle, 
or journal, is found by extracting the cube root of the weight, or 
strain, in pounds, and multiplying it by the constant, -1938, the 
product being the diameter in inches. 

The diameter for wrought-iron spindles, or journals, may be 
derived from that for cast-iron, by multiplyiag the latter by -863 > 
or, directly, by employing the multiplier, -1673, in the above 
formula. 

Example. — Of what diameter must the spindle of a water-wheel 
shaft be, the total strain being equivalent to 70,000 lbs. ? Here, 
D = ^70,000 X -1938 = 7-987, or 8 inches nearly. 

A wrought-iron spindle of (7-987 X '863 =) 6-9 inches, will 
answer the same purpose. 

RESISTANCE TO TOBSION. 

367. When two forces act in opposite directions, and tangen- 
tially to any solid, tending to turn its opposite ends in different 
directions or to twist it, it is said to be subjected to toreion, and 
offers more or less resistance to this action according to its form 
and composition. Taking, for example, the main shaft of a steam- 
engine, at one end of which the power acts through a crank, set at 
right angles to it, and at the other the load, by means of wheel 
gear — the resistance which this load presents, on the one hand, and 
on the other, the power applied to the crank, represent two forces 
which tend to twist the shaft, subjecting it to the action of torsion. 

In constructing formulse for the determination of the diameters 
of shafts, regard must always be had to the class to which they 
belong, and also to the description of work they have to perform. 

As the journals are the parts of a shaft on which the greatest 
strain is concentrated, it is obviously to the determination of their 
dimensions that our investigation should be directed. The practical 
formula, for ascertaining the diameter proper for the journal of a 
cast-iron first-mover shaft, is — 



,= >^^X419. 



Here, d = diameter of journal in inches. 

H P = the horse power transmitted by the shaft 

B = the number of revolutions of the shaft per minute. 

This formula is expressed in the following rule. 

368. To determine the diameter at the jounuds of a cast-iron 
first-mover shaft : — Divide the horse power qf the engine hy the 
number qf revolutions of the shaft per minute^ muUiply the quotient 
by the eonaiani 419, and extn^bct the cubic root, which wiU be the 
diameter required in inches. 

For the journals of cast-iron shafts which are second movers, the 
formula is 



'-V^-i- 



X206-, 



and for third movers — 



■=i/¥ 



X106. 



These are, in fact, similar to the formula given for first movers, 
with the exception, that for these the constant multiplier is 419, 
whilst for the latter it is 206 and 106, respectively. 

B 
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369. For the journals of wroaght-iron shafts the same formulsB 
are employed, the multipliers only being changed ; these are 249 for 
first movers, 134 for second movers, and 67*6 for third movers. 

If, with a view of suppressing the radical sign in the above 
formulsB, we raise both sides of the equation to their third or cubic 
power, and further express the multiplier by m, we have 
^ HP 

from which formula it will be seen, that the cube of the diameter 
of the journal is proportional to the force transmiCted. Similarly, 
the resistance of a journal is proportional to the cube of its dia- 
meter. In other words, one journal, of which the diameter is 
double that of another, is capable of sustaining a strain eight times 
greater, since the cube of 2 is 8. 

370. To determine the side of a square shaft to resist torsion 
with a given flexure. 

Bule. — ^Multiply the power in lbs. by the length of the shaft in 
feet, and by the leverage in feet ; divide this product by 92*5 times 
the degrees of the angle of flexure, and the fourth root of the 
quotient will be the side of the shaft in inches. 

Example, — ^Find the side of a malleable-iron square shaft 30 feet 
long, transmitting a power of 4000 lbs. at the circumference of a 
wheel 2 feet radius, the flexure or twist of the shaft, when the power 
is applied, not to be more than 1^ 

4000X30X2 ^ 

92-6 X r 

the fourth root of which is 

1^2600 = 7-1 = inches in side of shaft. 

To determine the diameter of a solid cylinder to resist torsion 
with a given flexure. 

Rule. — ^Multiply the power in lbs. by the length of the shaft in 
feet, and by the leverage in feet ; divide this product by 55 times 



the number of degrees in the angle of flexure, the fourth root of 
the quotient will be the diameter in inches. 

EoMmpU.—Whvii is the diameter of a shaft 30 feet long, trans- 
mitting a power of 4000 lbs. at the circumference of a wheel 4 feet 
diameter, the twist or flexure of the shaft, when the power is 
applied, not to be more than l^ 

4000 X 30 X 2 



55 X r 



:4364 



and 

V4364 = 8-13 inches diameter ; 
if the flexure could be allowed 2*^, the diameter would be 

.4 



V 



4000 X 30 X 2 



55 X 20 



= 7 inches. 



The number of degrees of torsion is fixed at what may be con- 
sidered best for the length of the shaft ard action of the machine ; 
and malleable-iron resists torsion in the proportion of 14 to 9 of cast- 
iron ; cast-iron being the strongest. 

The length of the journals and their bearings should always be 
greater than their diameter. For large sizes, it should be 1'2(^ to 
1'4<2, and for smaller sizes, 1*5<^ to 2d, Thus, the length of a 
WTOught-iron journal, 1*5 inches in diameter, should be fiom (lo 
X 1-5 =) 2-25 to (1-5 X 2 =) 3 inches. 

When shafts have to resist both a torsional and a lateral or 
transverse strain, the diameter of their journals should be determined 
with reference to that strain which is the greatest, or which of itself 
would require the greatest dimensions. 

When shafts are not of any great length — 3 to 6 feet, for example 
— ^their diameter need not be above a tenth greater than that of 
their journals. Solid cast-iron shafts of above six feet in length 
should have a diameter one-fifth, or even one-fourth greater than 
that of their journals. 



CHAPTER Xn. 

THE STUDY OF MACHINEBY AND SKETCHING. 



VABIOUS AFPLIOATIOirS AND COVBINATIOire. 



371. Up to the present we have occupied the student with the 
study of " industrial drawing," more particularly as regards the 
geometrical delineation of the principal elements of machinery and 
architecture, and of what may be termed its artistic delineation or 
execution, in accordance with the laws of optics, and the conven- 
tional usages of the light, colour, and shade given to such mechani- 
cal drawings. This study being of the greatest importance, it was 
necessary to dwell particularly upon it, since it is the basis of all 
designing in these arts, whether with a view to actual construction 
or! delineation, and comprehending not only the mere outline of 
objects, but also the proportions between the various parts, as 
dependent upon the functions which is required of each. 

On these elements we have thought it right to dwell at length, 
mnoe a thorough acquaintance with them is essential to the 
draughtsman's progress to the higher department of his art, namely, 
the delineation of complete machines. At this point, however, we 
'have now arrived; and if the student has made himself master of 
the preceding pages, he will not meet with much difficulty in 
attempting to delineate an entire piece of machinery, since he will 
only have to combine the rules and instructions already laid before 



him and exemplified in detail. The most complicated machine 
constructed was made up of parts, and was, indeed, but well calcu- 
lated and thoughtfully arranged combinations of these elements, 
and afford innumerable applications of the rules and instructions 
laid down in reference to them. 

The objects and examples taken to illustrate these first principles 
were necessarily of the most simple form, and confined to detached 
parts or details of mechanical and architectural designs, but if he 
is capable of drawing these several parts, it will require little more 
than patience and attention to draw them in combination. 

The study of complete structures, in these branches of art, is tbo 
next step in our labours ; so that with this view we now proceed to 
the consideration of complete machines. 

372. Machines may, in general, be classified under three heads. 
viz., — machine tools ; productive or manufacturing machinery ; and 
prime movers. 

By machine tools are meant those by the instrumentality of 
which we work upon raw materials, as wood, metal, stone; lathes, 
wheel-cutting machines ; drilling, boring, and shaping machines ; 
mortising, slotting, planing, and grooving machines; riveting ma- 
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chines; shears, saws, hammers — are of this class. The form, 
strength, and movements of the several parts, as well as the form 
of the tool or catting instrument of these machines, should be so 
combined, and properly constructed, with a velocity proportioned to 
the nature of the work and the material acted on. 

Amongst productive or manufacturing machinery, are comprised 
spinning, weaving, and printing machines ; pumps, presses, com 
and oO mills ; and, finally, prime movers, or motors ; ore machines, 
such as those worked by animals ; windmills ; water-wheels ; tur- 
bines ; steam-engines, and air-engines, &c. 

For the study of complete machines, we have selected from each 
of these classes those possessing most interest and in general use. 
A drilling machine, as being a very useful tool, and much employed 
in machine-shops and railway works; a good useful duplex lifting 
and forcing pump for raising water and other liquids, serving for 
domestic purposes as well as for large manufacturing establish- 
ments; two examples of water-wheels, showing various arrange- 
ments and forms of floats or buckets ; a high pressure expansive 
steam engine, with geometrical diagrams, determining the relative 
positions of the principal pieces in various circumstances ; and, 
finally, other example plates of recent and approved mechanical 
structures. 

To rough draught or sketch from the actual machine, with a 
view to making a perfect finished drawing of such machine, is the 
first step to the thorough delineation and understanding of complete 
machines, as a whole and in all its parts. We therefore now pro- 
ceed to instruct the student in this kind of sketching, and at the 
same time to explain the particular machine under consideration, 
or taken for illustration and practice. The operation in question 
consists in drawing with the hand, the elevation, plan, sections, 
and details of a machine, preserving, as much as possible, the forms 
and proportions of each part ; and then taking the actual measure- 
ment of each part, and marking it down in figures in its particular 
position upon the drawing. In this duplex operation of sketching 
and measuring consists the study and practice of the rough draught- 
ing of machinery. 



which, if necessary, may serve in the construction of other similar 
machines. 



THE SKETCHING OP MACHINERY. 

PLATES 35 AVD 36. 

373. Before commencing the sketch or rough draught of a 
machine, it is absolutely necessary to look carefully into its con- 
struction so as to ascertain the action of the various working parts, 
the motion of the intermediate mechanical connections, and finally, 
their object and results, from the smallest part to the whole. This 
will require on the part of the delineator some general acquaint- 
ance at least with mechanics and machinery, but this acquaintance 
he must obtain from books specially devoted to the exposition of 
these subjects (such as Applied Mechanics, formerly referred to), 
or in the workshop itself. The object of this preliminary exami- 
nr.tion b to give the draughtsman a good general idea of the more 
important parts — ^those which he will have to render most promi- 
nent and detailed when he comes to make a complete drawing 
of the whole ; these rough drawings or sketches will comprise 
& series of combined views of the machine in elevation, plan, 
or otherwise, as may be required, together with separate diagrams 
of such details as may not be apparent in the former, or require to 
be drawn to a different scale to render them more intelligible. These 
drawings or sketches should be executed in such a manner, that a 
perfect representation or drawing of the machine may be made, 



DRILLING MACHINE. 
PLATE 35. 

374. In order to give an idea of the manner of sketching machin- 
ery, we take a simple machine as an example; this we have 
represented in perspective* in Fig. 1, which view is supposed to 
stand instead of the actual machine itself. 

This machine is for drilling metals ; it consists of a vertical cast- 
iron column. A, which forms part of the building or workshop. 
This column is hollow, and rests by an enlarged base upon a stone 
plinth, B, imbedded in the ground, and at its upper end it supports 
the beam, c. 

Upon one side of this column is cast the vertical face, d, which 
is planed to receive three oast-iron brackets, £, F, g, attached to it 
by bolts. To the opposite side, d*, of the same column, is in like 
manner attached the bracket, h, which, with the middle one, F, on 
the other side, serves to carry the horizontal spindle, i. This 
spindle carries on one side the cone-pulley, j, over which passes the 
driving-belt, K, and on the other extremity it has keyed upon it the 
bevel-pinion, L, which gears with a larger bevel-wheel, M. This last 
is attached to the vertical shaft, n, which is, in fact, the drill holder, 
and is moveable in the bracket-bearings, f and a. This shaft 
receives a duplex movement, that of continuous rotation, which is 
more or less rapid, according as the belt, K, is on the less or greater 
diameter of the cone-pulley ; and the other vertical and rectilinear, 
due to the action of the screw, o, which works in an internal screw 
in the end of the bracket, E. This screw carries at its upper end 
a spur-wheel, p, gearing with a small pinion, q, the shaft, r, of 
which is prolonged downwards, and terminates in a small hand- 
wheel, 8. 

The object to be drilled is held between a pair of jaws, a, a}, set 
in grooves upon the table, t, and capable of adjustment back and 
forward by means of the screw, 6, the head of which has a sliding 
handle. The table, t, is made in two pieces, so as to form a collar 
about the column, a, and it is fixed at any convenient height upon 
this column by means of the pressure screw, c; the exact distance 
of the table from the drill, d, according to the thickness of the piece 
of metal to be drilled, is settled by means of the vertical rack, u, 
which is fitted to the front of the column, and into which gears a 
pinion on the shaft, e, carrying the handle,/, at its extremity. The 
rotation of this handle and the pinion necessarily causes the ascent 
or descent of the table, t. 

The drilling machine, then, fulfils the following conditions : on 
the one hand, the drill, d, is worked at a greater or less speed of 
rotation, whilst it descends vertically with a very slow motion, 
which latter varies, of course, with the nature of the material acted 
upon ; and, on the other hand, the table which carries the object to 
be drilled is capable of being set at the most convenient height, 
according to the forms and dimensions of the objects, whilst it may 
also be set eccentrically, when necessary, by turning it to the 
required extent round the column. 

375. After having thus taken note of the construction and action 
of each individual piece and element of the machine, the draughts- 
man may proceed to make his sketch. He should commence by 



* In ft Rubsequent diapter, we ■bmll explain the general principles of pftrallel end 
exBct peispective. 
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drawing a roagh general view, indicating, in mere outline, the rela- 
tive positions of the yarious pieces. 

For example, in Fig. 2, will be seen the geometrical side elevation 
of the column, a, with the positions of tiie brackets and the table, 
which are merely in outline. It is advisable, even in this rough 
draught, as well as in the finished drawing, with or without the 
assistance of a rule, to draw the centre hues for guides ; thus, after 
drawing the first centre line, g h, of the column, a, draw upon each 
side of it the portions forming its contour ; then draw parallel to 
it the centre line, ij\ of the drill-stock, n; then the horizontal, A;/, 
which represents the centre line of the bevel- wheel, l, and the driv- 
ing-pulleys, J, and likewise the straight lines, mn, op, qr, which 
are the centre lines of the brackets, e, p, and g ; finally, draw the 
lines, 8 t and u v, of the table, T, and of the bracket, h ; and like- 
wise the extreme lines, xy, w z, of the bottom and top of the 
column. At this stage it is necesMuy to lay down the measure- 
ments upon the sketch. The column being fitted with the principal 
parts of the drilling apparatus, so that no clear space can be found 
upon it for the height to be measured close to it, a plumb-line is 
suspended from the point, r, on the beam, c, which rests upon the 
column, and this line is measured either by a foot-rule, or by a 
measuring tape, and the measurement in feet, inches, and parts of 
inches, of the whole height, and also of the various parts between 
the principal cross shafts or brackets, may be written upon the 
centre line, g h, of the column as marked and shown in Fig. 2. 

The draughtsman must next measure the diameters at the base 
and summit of the column, as well as those of the various mould- 
ings. These diameters may be measured with callipers, which open 
to such an extent that they can be applied to the place in question, 
the amount of opening being then measured upon the rule, and 
written down upon the corresponding place in the sketch ; or the 
diameters may be obtained by applying a coi'd, or a very flexible 
rule, to the circumference. This latter method is always employed 
for cylinders of large diameter, when it is not possible to obtain 
the measurement from either base. In this case, to obtain the actual 
diameter, it is necessary, as haa been seen (75) to divide the circum- 
ference foimd, by 3-1416. 

To obtain the distance of the line, t j, from g h, the centre line 
of the column, place the extremity of the rule at i\ against the 
surface of the column, and let it lie across the centre, t, of the 
spur-wheel, p, or screw, o ; the measurement read off the rule will 
be that of t> i, to which must be added the radius, ii i^, of the 
column. 

If the centre, t, were not approachable with the rule, we should 
have to take the internal distance between the surface of the column 
and that of the screw, and then add the respective radii of the 
' screw and column. When these distances are greater than the 
length of the measuring-rule, a rod or tape must be employed. 
When, indeed, the draughtsman has attained a reasonable amount 
of skill, he may take the measurement, t i\ directly, by applying 
the rule upon the surface of the column opposite to its centre; and 
also opposite to the axis of the screw, in such a manner that the 
rule shall be tangential to the column, when the space between the 
two points will be the measurement sought. 

It is also necessary to note upon the sketch, the vertical distances 
between the dififerent horizontal lines, m n, op, q r, s t. The 
measurements indicated upon Fig. 2 will show how all these are 
obtained. 

The preceding operations will allow of the finished drawing 
being commenced, by laying off the relative position of the main 



parts which go to compose the machine to be sketched. We have 
next to t^etch and measure all the minor details of eadi separate 
piece of the machine. To this end, and to avoid confusion, it Ib 
necessary to treat each of these pieces as detached, and to draw 
different views of them, upon which the dimensions of every part 
may be properly indicated. 

Figs. 3 and 4 represent, in elevation and plan, the <^tail of the 
principal bracket, f, and the section of the column, a, which sap- 
ports one end of the shafts, I, and of the spindle, N, with the 
bevel-wheels, L and M. Even these views are not sufficient to repre- 
sent thoroughly all the dimensions of this bracket; thus it is neces- 
sary to draw a section such as that made at the line, 1 — 2, and pro- 
jected in Fig. 5. so as to show the exact form and strength of the 
feathers of the bracket ; it is likewise necessary to make a front or 
face view of the cover of the bearing, h\ Fig. 6, which holds up the 
spindle, n, to the bracket, and also a vertical secti(Hi, Fig. 7, taken 
on the line, 3 — 4, in Fig. 4, to show the brasses which embrace the 
journal of that end of the shaft, i, carried by the bracket, f, and 
which also answers for the bushes and bearing of the other end of 
the same shaft carried by the part, /, of the bracket, h, Fig. 2, this 
bracket therefore being plain, and having its feathers and flanges all 
the same, as the other one, f, requires no detailed sketch, all the 
sizes necessary being there severally marked. These details should 
always, if possible, be drawn to a larger scale, so as to indicate the 
minutisa and fitting of the parts to each other dearly, and also to 
give room for marking on the measurements ; it may be observed, 
for a draughtsman who has not much practical knowledge of that, 
the details in machinery, it will be necessary to take down or 
separate various parts, such as the cap and upper brass, or tbe 
upper bush connection of the spindle, n, with the screw, o, so that 
he may understand and sketch them in such a manner that he will 
be able to reproduce them properly on the working or finished 
drawing. With regard to the wheel-work, it will be sufficient to 
give the section of the web and boss, as indicated in Fig. 3, and a 
section, as Fig. 8, of one of the arms taken .on the line, 5, when 
the wheel has any, and then the numbers of teeth and arms must 
be counted and set down as shown in Fig. 4. 

When all the parts of any detail are thus sketched out in eleva- 
tion, plan, or section, the draughtsman must take the measure- 
ments of each, and set them down in their appropriate positions 
upon the sketches, as indicated in the several figures ; being mind- 
ful to see that the principal measurements coincide with those laid 
off in the complete general view, in Fig. 2, already commenced. 
The measurements of the diameter of the pitch-circle, and of the 
width across the face of the teeth, along with the number of 
teeth or pitch, will be sufficient, in addition to what has already 
been directed to be done in reference to bevel wheel-work, the 
proper ratios being maintained between those in gear with each 
other. As many parts of machinery require to be in proportion to 
each other, a knowledge of such relations will enable the draughts- 
man to dispense with a great deal of tedious measuring and 
sketching, as in the case just alluded to, of wheels working together. 
Fig. 9 shows a sketch of one half of the spur-wheel and pinion, p, Q; st 
the top of the screw, o, and shaft, b, in vertical section, which would 
admit of putting on all the sizes necessary for its reproduction to a 
proper scale, as already explained in reference to the bevel wheels, 
L and M. Figs. 10 and 11 show, in vertical and horizontal section, the 
manner of jointing the screw, o, into the upper end of the spindle, 
N ; and Fig. 12 is a vertical section of the lower extremity of the 
drill-stock, or spindle, n, with the drill, d, in elevation, while, Fig. 
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13 is a vertical section of the cone pulley, j. The remaining 
in^portant parts of the machine are to be detailed in a similar 
manner to Figs. 3 and 4 : thus. Figs. 14, 15, and 16, represent a 
vertical section, a plan, and side view of a portion of the table, t, 
with its holding-jaws, a, a\ and hand screw, 6, for working the same 
To save time, the thread of the screw is only indicated at each end. 
by a few lines at an angle, this is meant to show that the thread 
extends from end to end, and the direction of lines shows whether 
it is a right or left handed thread. Finally, Figs. 17 and 18 
give a complete detail of the table, t, in vertical and horizontal 
section, showing also the rack and pinion, u and m, with its shaft, 
e, for elevating it by the crank handle, /, as well as the screw, e, 
and ratchet wheel, o, with its pawl lever, n,Pf for fixing or adjusting 
it at any required height. 

376. On all the preceding details, we have marked the measure- 
ments of the different parts corresponding exactly as they should 
to those of the actual machine. These measurements are expressed 
in feet and inches, and parts of inches, as in former examples. 
We have also slightly shaded various parts, as is generally done 
where the complication and variety of forms would otherwise lead 
to confusion and error. Besides, in this manner, a few touches of 
the pencil show at once whether this or that portion is round, or 
square, and in many instances, the labour of drawing additional 
views will thereby be dispensed with. 

In order to facilitate the proceedings of beginners in sketching, 
we would recommend them to delineate the main centre lines with 
the aid of a rule, and the circles with compasses, though the 
dimensions of the latter need not be exact. This will give the 
sketch a much neater appearance, and render the various objects 
or details more regular. It is with this view that draughtsmen 
in sketching, frequently employ cross-ruled paper, with horizontal 
and vertical lines equally spaced. That portion of this plate, upon 
which are represented, Figs. 14, 15, and 16,^ is of this descrip- 
tion. 

It wfll be seen, that, if the lines ruled upon the paper are at 
equal distances apart, corresponding to one or more units (as inches) 
of the scale to which the sketches are being made, these may be 
drawn In correct proportions at once, in which case it would be 
unnecessary to write on many of the measurements. 

Another good mode of procedure, is for the draughtsman to 
consider before commencing to sketch (say the general view of the 
machine, as that shown in Fig. 2) what size he would like the 
whole machine to occupy on his paper, and then by looking at the 
machine itself, he finds in a rough way, that it is three or four feet 
in width over all, by about twelve feet in height, this then enables 
him to fix on a scale, in his mind, to which he will sketch the 
machine as nearly as possible. No rule can well be fixed for these 
scales ; since, if the machine is large, and it is desired to take in a 
whole view of it, the scale must be small in proportion to bring the 
sketch within a reasonable size. However, we think the scales on 
or to which Fig. 2 and the other details are executed, on this plate, 
are good scales for the young draughtsman, for whose benefit the 
scales are put at the bottom of the plate ; although these figures can 
not be exactly to the scale, since they are only roughly outlined to 
show the way such sketches ought to be executed by the hand. 
Beginners have generally a good deal of copying, reducing or 
enlarging to scales, so that before they come to sketch from the 
machine they are quite at home in the use of the rule and scales, 
and can guess the size by looking at the machine, and put it down 
by hand with a pencil in a rough way, to the scale they have fixed 



on in the mind, (as if the scale had been laid down in squares on 
the paper, as before explained in reference to Figs. 14, 15, and 16,) 
and in this way, though they may not have had much experience in 
sketching, they will produce a very proportionable view of the 
machine, which can again be much improved when inking it in 
with the pen, which, with all the sizes, ought to be done before 
ever they are used or get rubbed. When the draughtsman gains 
greater experience in sketching, the operation becomes more 
mechanical, and he can sketch the machine proportionally by the 
eye, just as if his hand was guided by a pentagraph, or imaged 
before him by a camera obscura, requiring little reflection of this 
kind for the mere execution of the sketch, and thus enabling him 
to devote his attention entirely to the understanding of the machine 
as a whole, as well as the bearing of all the parts, one with another 
throughout, thereby saving much labour in the number of his 
sketches, and in the measurements required. 

The draughtsman ought also to take down in writing notes of 
such things as cannot be well shown by the pencil sketch, such as 
the nature of the material of which the different parts are made, 
the weights and proportions of parts requiring study or calculation, 
or the relative speeds of the various shafts or moving parts of the 
machine, and many other things which can alone be taken in the 
form of a short specification or shown by colouring on the highly 
finished and detailed drawing. 

The example which we have given as an introduction to the 
study of sketching machines, will have somewhat familiarized the 
student with his operations even now. The applications contained 
in the subsequent examples will suffice to complete this study, which 
is one of great importance to the draughtsman and constructive 
engineer. 



MOTIVE MACHIKBS. 

WATER-WHEELS. 
PLATE 36. 

377. The water-wheel, represented in Fig. 1, has plane floats, 
and works through a portion of its circumference, in a concentric 
circular channeL It receives the water from over a sluice-gate, a 
little below its centre, and is of the undershot description*^. 

The wheel is composed of several parallel shroudings, A, in 
which are fitted the radial wooden bearers, B, carrying the floats, o. 
When the shroudings are of cast-iron, as is supposed in the present 
example, they are cast in one piece with the arms, d, and central 
boss, E, and are firmly secured by keys, a, upon the shaft, f, also 
of cast-iron, see Figs. 7, 8, «nd 9, Plate 12 (148). 

The head of the channel, o, which embraces the lower part of 
the wheel, is constructed with a piece, h, in cast-iron, called the 
neck-piece, which is fitted upon the cross timber, i, and let into 
the two lateral walls. Against this neck-piece works the wooden 
sluice, J, above which overflows a oertain depth of water, falling, 
in succession, upon each flo%t of the wheel as it comes rouiid, caus- 
ing it to turn in the direction of the arrow. The rotatory movement 
of this water-wheel is taken off by the cast-iron spur-wheel, k, 
mounted upon the end of the shaft, f, and gearing with the oast-iron 
pinion, l, the shaft of which communicates with the machinery to 
be set in motion. 



* Undershot water-wheels reoelTe the WAter helow their eentreii, and their hockets 
or floats pass throogh an enclosed circalar channel at the place where the water acta 
on them. Overshot water-wheels receive the water from above. 

T 
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In giving this example, our object has been to examine this 
motor, not only with reference to the sketching and accurate deline- 
ation of similar wheels, but also with a view to their construction 
and erection, as well as that of their channel and sluice gear. 

THE CONSTRUCTION AND SETTING UP OP THE WATER-WHEEL. 

The channel, q, is built up of hewn stones, the lateral joints of 
which converge towards the centre, o, of the wheel, and they are 
imbedded upon a foundation of ordinary stone-work. All this 
masonry is put together with mortar, made with hydraulic lime, 
the joints being finished with Roman cement. In some localities 
the channel is of bricks or freestone, and sometimes even of wood. 
The apparent concave surface of the channel, should be perfectly 
cylindrical, and concentric with the external circumference of the 
wheel. Also, before placing the latter in its proper position, this 
surface should be finished, and rendered quite smooth and true, 
which may be done with the assistance of a temporary shaft, or with 
the actual shaft of the wheel, in the following manner : — 

The shaft, f (which is the same as that described at 148), is 
adjusted to the exact height at which it is to be afterwards, 
and it is made capable of rotation in appropriate bearings, 
adjusted upon iron plates, let into and firmly bolted to the late- 
ral walls. Upon this shaft are fitted the shroudings, a, each 
connected to its boss by eight arms. To the outside of these arms 
are then temporarily attached two radial pieces of wood, having a 
cross piece attached to them, the outer edge of which is made true 
and parallel to the shaft, and coincident with the external edges of 
the complete wheel. It will be evident that, if the shaft is now 
made to 'revolve, this frame upon it will describe a cylindrical 
siu'face, which is precisely that which the channel should possess ; 
it will serve, therefore, as an accurate guide in giving the channel 
its appropriate contour. 

The lower part of the channel is continued in a straight line, 
commencing at the vertical, o 6, and in a direction, b c, slightly 
inclined to a short distance away from the wheel, to facilitate the 
escape of the water. 

The cross timber, i, which surmounts the masonry of the 
channel, and which receives the neck-piece, h, is also rendered 
concave internally, like the channel, so as to allow the sluice-gate 
to be brought closer up to the wheeL The neck-piece, H, which 
forms the crest of the channel, is more frequently constructed of 
cast-iron than of either wood or stone, as that material does not 
require to be so thick, for resisting the pressure of the water. The 
top of the neck-piece is at a distance below the upper water-level : 
corresponding to the greatest depth of witter which it is proposed to 
admit to the wheel at any time. This depth of water varies very 
considerably, according to the quantity of water to be discharged, 
and the width which it is wished to give the wheel. Behind the 
neck-piece, a cavity, m, is formed in the masonry, which is intended 
to receive the sluice, J, when lowered, and is of a sufficient size to 
allow of its being cleaned out, so that it may not become choked 
up with sediment. The small raised portion of masonry behind 
this, as well as a grating placed farther behind, serves to arrest 
floating bodies, such as brush wood, &c., and preventing their 
reacting, and injuring the wheel. 

The sluice consists of two strong oaken planks, having grooved 
and tongued joints, and being made thicker at the middle than at the 
extremities, where the wheel is of a greater width than four or five 
feet. The amount of inclination of this sluice, j, is determined by 
drawing a perpendicular to the extremity of the radius, o f, drawn 



near the middle, or, perhaps, two-thirds of the depth of the over- 
flowing body of water. The sluice is moveable in grooves, in two 
wooden side-posts, n, entirely imbedded in the lateral walls. At 
the upper parts of these are iron bearing-pieces, to receive two 
straight cast-iron racks, o, which rise above the cross timber, p, 
attached to the two side-posts, N. These racks rest, on one side, 
upon the anti-friction pulleys, A, which also guide them, and, on the 
other side, they gear with the pinions, ^, keyed up on one horizontal 
axis. This latter is at one end prolonged, to receive the worm- 
wheel, Q, actuated by the worm, R, which miyy be worked at plea- 
sure from above — a winch-handle, or hand-wheel, being fixed upon 
the upper extremity of its vertical spindle for this purpose. Tbis 
arrangement permits of the regulation of the position of the sluice, 
and, consequently, of the depth of the overflowing water, with the 
greatest nicety, as well as of the total shutting off of the water 
from the wheel. 

The shrouding, a, of the wheel, being of cast-iron, the weight 
has been reduced, by making panels in it, as at t, shown in the 
elevation. Fig. 1, and section. Fig. 2, made at the circular line, 1—2. 
It is also cast with mortises, to receive the tenons, or ends, of the 
carrier-pieces, b, to which the floats c, are bolted. 

When the wheel has counter-floats, as represented at the lower 
part of Fig. 1. which is only the case when the discharge, and con- 
sequently the depth, of water at the sluice-gate is very small, the 
carrier-pieces are very short, and do not project far upon the inner 
side of the shrouding. But when the wheel is without counter- 
floats, which is the case when the discharge, and consequently, the 
depth, of water at the sluice is considerable, the floats, c, and their 
carrier-pieces, b, are prolonged to a considerable distance, inside (he 
shroudings, as has been supposed to be the case in the upper part 
of Fig. 1. In both cases, the tenons, or ends, of the carrier-pieces, 
always lie in the direction of radii from the centre of the wheel, and 
they are retained by iron keys, j\ upon the inside of the shroudings. 
Sometimes, in order to facilitate the adjustment of the carrier-pieces 
upon the shroudings, in place of fitting them into closed mortises, 
they are received into slightly dovetailed recesses, formed upon the 
side, as shown in Figs. 3 and 4, being retained in position by 
wedges, /. When this last arrangement is adopted, it is unneces- 
sary to cut holes in the carrier-pieces, for the reception of the 
keys. 

When the shroudings are of wood, they must necessarily be 
composed of several pieces, which are fitted together with mortise 
and tenon joints, as shown in Figs. 5, 6, 7, and 8, and to consoli- 
date the joints, joint iron straps, A;, are added, secured at one side hy 
bolts, and at the other by keys, or tightening screws, by means of 
which the perfect union of the component pieces, can at all times be 
obtained, should they begin to get loose. In this system, the 
carrier-pieces are adjusted with tenons, keyed on the inside of the 
shrouding, and the oak arms, D, are joined to the shrouding with 
tenons, being further secured by iron straps, as shown in Figs. 9 
and 10. 

The floats, c, of the wheel, are formed of oak boards, and are j 
attached to the carrier-pieces, 6, by means of the bolts, /. 

The counter-floats, 8, extend from the inner ends <rf the floats 
C, to the bottom pieces, s*, and are nailed down upon the small i 
triangular pieces, m. The open spaces left between the ends of 
the floats and the bottom pieces serve for the escape of the 
air. 

When the floats are lengthened, they are, of course, formed of 
several boards, joined edge to edge. 
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DELINEATION OF THE WATEB-WHEEL. 

378. The explunations just given will enable the student to 
comprehend the details and peculiarities of construction of the 
wheel, channel, and sluice apparatus. He should now proceed to 
delineate these various objects in the following manner: — Place 
the centre, o, of the wheel, at the intersection of two lines which 
form a right angle ; and with this centre, describe a first circle, 
with a radius equal to that of the Wheel and channel. Divide 
this circle into as many equal parts as there are to be floats. The 
number of the floats should always be divisible hj that of the 
arms of the shrouding, so as not to be restricted as to space in 
fitting in the carrier-pieces. Through each point of division draw 
lines passing through the centre, and representing the sides of the 
carrier-pieces upon which each float is placed. Two circles must 
next be described, expressing the depth of the shrouding. Then 
the complete outline of one of the carrier-pieces must be drawn, 
with the dimensions noted on the figure ; and the key and bolts 
may also be indicated upon it Afterwards, to complete the draw- 
ing, it will be sufficient to describe a series of circles, passing 
through the bolts, the ends of the floats and carrier-pieces of the 
key, and of the counter-float. With regard to the floats, and to 
the arms of the shrouding, as well as to the spur-gear for transmit- 
ting the motion, the student may refer back to the diagrams and 
explanations already given concerning similar objects. The same 
remark applies to the lifting apparatus of the sluice-gate, which 
is also composed of gearing already treated of in the course of the 
studies. 

DESIGN FOB A WATEB-WHEEL. 

379. If it is in contemplation to make a design for the construc- 
tion of a water-wheel, similar to the one above described, it is 
necessary to ascertain the height of fall, and the amount of dis- 
charge per second, of the water at our disposal, and to refer to the 
calculations and practical rules given at the end of Chaps. VIII. 
and IX., or to other text books on this subject, to be able to deter- 
mine, OD the one hand, the diameter and width of the wheel, and, on 
the other, the depth and interstices of the floats, and their number. 
By referring also, to the data and notes at the end of Chaps. III. 
and lY., in reference to the measurement of surfaces and solids, 
and to the rules and examples at the end of Chap. XI.| or to 
other works which treat of the resistance of materials, we shall 
be able to complete the remaining dimensions for the shaft and its 
journals, the shrouding and its arms. 

The first motion wheels, k and l, will be easily designed to suit 
the particular work for which they are required, from the data 
given at the end of Chap. VII., which treats of the strength and 
dimensions of toothed gear. 

The study of water-wheels of this description will be much sim- 
plified, if we consider that certain dimensions, such as the thick- 
ness of the floats, the section of the carrier-pieces and shrouding, 
&nd the diameter of the bolts, as well as the details of the sluice 
apparatus, do not vary so much in ordinary sized water-wheels 
(unless very large or very small indeed), but what the draughtsman 
may take many of these minor parts from the drawing given in this 
Plate, which are themselves examples of actual construction. 

SKETCH OF A WATEB-WHEEL. 

380. The sketch of a water-wheel, already constructed and set 
up, is a very simple matter ; for the apparatus consists of a repeti- 
tion of various pieces, and it is sufficient to obtain the measurements 



of one only of each kind. Thus, after having measured the diameter 
and extreme width of the wheel with the aid of a long rule or 
tape, and counted the number of buckets or floats, of the shroud- 
ings, and of the arms, in accordance with the instructions given in 
referenoe to Plate 35 ; we have merely to take the sketch of a single 
float, with its carrier-piece and accompaniments, then to make a 
section of one of the shroudings, another of one of the arms, and, 
finally, a third of the boss and shaft. 

The details given in Figs. 2 to 11 show the various parts of 
which the sketches have to be made, as detached, together with the 
corresponding measurements ; the latter of which, Fig. 11, is a 
transverse section of one of the arms, d, of cast-iron, taken on the 
line, 1 — 2f near the boss. 

The sketching of the sluice apparatus consists in making a section 
of the side-posts, with their cap-piece, and of the sluice itself; then 
a detailed view of one of the racks, with its pinion and friction- 
pulley, and of the worm wheel and worm. As to the amount of 
inclination of the sluice and side-posts, it has already been seen 
that it is determined by a perpendicuar to the radius, entering near 
the middle of the depth of water at the outlet, at the circumference 
of the wheel. It may, however, be found by means of a plumb- 
line, let fall from one of the edges of the cap-piece down to the 
level of the water, by measuring the horizontal distance, r «, of the 
plumb-line, from 'one of the sides of the side-post, and then the 
vertical height, r t By applying a rule against the side-post, and 
down to the neck-piece, h, we can always obtain the actual distance 
of the top of the latter, either from the prolongation of the hori- 
zontal, r «, or from the cap-piece, p, of the sluica To obtain the 
horizontal distance, r «, with exactitude, it should generally be 
taken at a given distance above the level of the water, and chalked 
upon one of the side- walls of the channel ; it is also advisable to 
make use of a spirit-level (Fig. 3, Plate 1). 

In order to take an accurate sketch of the neck piece and the 
channel, it is almost always necessary to stop the water behind by 
means of a dam, so that the parts requiring to be examined may 
be dry and open. The sluice must also be taken away, as well as 
a few of the floats of the wheel. We may remark, that this labour 
may be avoided, when it is known that the height and thickness of 
the neck-piece are nearly always equal to those indicated in Fig. 12. 
as a detached sketch ; as to the arrangement of the masonry or 
brickwork, of which the channel may be constructed, it will be 
recollected that all the lateral joints are pointed towards the centre 
of the wheel, each stone being dovetailed into each other, and 
"breaking bond" as shown in Fig. 1. 



OVERSHOT WATER-WHEEL. 

FlOUBE 13. 
GONBTEUCTION OP THE WHEEL, AND ITS SLUICE APPABATUS. 

381. Overshot water-wheels, with buckets, receive the water from 
a duct placed immediately above them, and allow it to escape from 
as low a part only as possible. They are constructed of wood, or 
of cast-iron. In the first case, which is the simpler and more econo- 
mical, the shaft, the arms, and the shroudings are of oak. This 
description of wheel is shown in the lower part of the drawing. 
Fig. 13, which represents the vertical section of an overshot water- 
wheel, a little shaded to show the difference between this way of 
ruling or drawing, and that of plain outline, as shown in Fig. 1. 
The buckets and the inner rim are likewise of oak, or of iron 
plates. As this wheel is of small diameter, its shaft, f, has 
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only six sides; and consequently, each shrouding, a, of the wheel 
has only six arms, d, which are recessed into, and bolted upon, 
a central cast-iron frame, B, which is itself keyed upon the 
shaft. The transverse section, Fig. 14, taken on the line, 3 — 4, 
shows the manner in which the arms are attached to this frame 
or boss, B. The wooden shroudings, a, are generally composed 
of two rings, formed in segments, placed one on the other, in 
such a manner that the joints of each are opposite to solid portions 
of the other, to "break bond," and obviate the tendency to 
warp. A portion of the shrouding constructed in this way, is 
represented as detached in Figs. 15 and 16. These rings of 
segments are held together by screws, v, or by nails or pegs ; 
and at their junction with the arms, a couple of bolts are passed 
through all, as indicated in the transverse section, Fig. 17. The 
buckets, c, are either let into grooves of small depth, upon the 
inner face of the shrouding, as seen at c^, in Figs. 15 and 16, or 
they are retained by bracket-pieces, c; and, added to this, are 
strong tension-rods, b, to hold the whole together, being secured to 
the shroudings, a, on either side of the buckets. These tension- 
rods are fixed, when the inner rim, s, or bottom of the buckets, has 
been nailed or screwed to the inner edges of the shroudings. The 
shroudings are further strengthened externally by a circular iron 
strap or ring, g, similar to the felloe of an ordinary cart wheel, and 
covers all the joints of the duplex shrouding. 

Sometimes the buckets are partly of wood, and partly of iron 
plate, to give them greater strength. The edges, indeed, should 
always be defended with metal, as they are apt soon to wear or 
break away. In the lower half of Fig. 13 is shown three different 
ways of constructing these buckets. 

When the wheel is of cast-iron, if it is not of a very great dia- 
meter, but about the size represented in the upper part of Fig. 13, 
the arms, D\ and the boss, e\ may be c£st in one piece ¥rith the 
shroudings, a^ Where the diameter is considerable, however, these 
consist of several pieces bolted together. The bottom piece, or 
inside rim, sS and the buckets, c, are formed of thin iron plates, of 
about }th inch in thickness. To secure the latter, a series of 
feathers, B^ Figs. 13, 18, and 19, are cast upon the inner faces of 
the shroudings, a\ to which they are fixed by screw-bolts, /. In 
the width of the wheel, these buckets, o^, and the bottom rim, b^, 
are riveted together, as at t, or are fixed together by small screw- 
bolts, ♦>, Figs. 13 and 19. 

The advantage of making the buckets of thin iron plates, con- 
sists in the being able to give them a curved form, which enlarges 
their capacity, and allows of a more favourable introduction of the 
water ; whilst the wooden buckets necessarily consist of two recti- 
linear portions, one of which is directed towards the centre of the 
wheel, whilst the other is inclined. When these buckets and inner 
cleading are well galvanized, they resist the action of the water 
and last for a great length of time. 

The water is generally conducted by a wooden channel, such as 
that shown at H, to the top of the wheel, and its outflow is regulated 
by a sluice, J, moving in side grooves, and worked by means of a 
couple of vertical racks, o, and pinions, d, the shaft of which last 
carries the winch-handle, q. The two vertical sides, M. of the chan- 
nel, are prolonged beyond the actual summit of the wheel, and 
their distance asunder should be a little less than that of the two 
shroudings of the wheel, with the twofold object of better direct- 
ing the water into the buckets, and of avoiding the splashing and 
loss of water by allowing the air to escape laterally. The depth 
of the outflow of water depends on the distance of the lower edge 



of the sluice above the bottom of the channel, and should always 
be less than the smallest distance existing between two consecutive 
buckets. The pressure of the water upon the buckets, produces 
the rotation of the wheel in the direction of the arrow, and this 
motion is given off by an internally-toothed wheel, which is formed 
in segments and bolted by flanges to the outside of one of the 
shroudings. This wheel, which in the drawing is simply indicated 
by dotting in the pitch circle, k, gears with the pinion, L, mounted 
on the extremity of the shaft, which communicates with the 
machinery in the interior of the factory or workshop. 

DELINEATIHO, SKETCHING, AND DESIGNING 0VEB8H0T WATBB- 
WHEELS. 

382. The delineation of the principal parts of an overshot bucket 
water-wheel, is effected in the same way as that of the undershot 
wheel with floats, the only difference being, in fact, in the receptacles 
for the water. It has been seen, that when these buckets are of 
wood, they are composed of two boards, one of which lies in the 
direction of a radius of the wheel, the other being inclined accord- 
ing to the direction of the water, and making an angle of from 15 
to 30 degrees, as the case may be, with the tangent, to the outer 
circumference of the wheel, drawn through its extremity, as will be 
seen by the angle, a 6 e, in Fig. 18. When the bucket is made of 
iron plates, the same angle is adopted near the outer edge, although 
the whole contour is a continuous curve, which may be made up 
of two or three arcs of circles, as shown in Figs. 13, 18 and 20. 

In sketching this wheel, the directions given in the preceding 
case may be likewise followed here, by counting the number of 
buckets, and taking an accurate sketch of one of them, together 
with the accompanying measurements. We must also measure the 
internal and external diameters of the shroudings ; then the least 
space existing between two consecutive buckets ; also the depth 
from bio d, Fig. 18. Finally, if it is required to obtain the exact 
form or curvature of the bucket ; to do this in most instances it is 
advisable to take one of them down, and to make a pattern of it, by 
applying a sheet of paper against one edge, and pencilling out the 
shape, as is done for the forms of wheel-teeth, or other curves, 
which are difiScult to measure, and exact copies are required. As 
to the sketch of the other parts of the water-wheel, such as the 
boss, the arms, and also the sluice apparatus, no peculiarity or 
difficulty will present itself which needs further explanation than 
what haa been given in reference to this and the former plate on 
sketching. The drawing, moreover, indicates most of the figures 
and measurements whi(^ are necessary for the production of a 
finished or working drawing, such as that given in the Plate. 

In designing an overshot water-wheel, it is necessary to know 
the height of fall, and the daily discharge of the water. With 
regard to these particulars, we must refer the student to the rules 
and practical data given at the end of Chaps. IX. and XI., for 
measuring and calculating these things, or to some of the nume- 
rous works which deal with this subject. 



WATER-PUMPS. 
PLATE 37. 

GBOMBTBIOAL DELINEATION. 

383. Pumps being a class of machines requiring the frequent 
attention of the practical draughtsman, both as regards the deline- 
ation and construction, we have therefore already given, at the end 
of Chap. IX., some good practical data, relating to various kinds of 
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pumps ; mlefl and formnlte for calculating their proper dimensions, 
in proportion to the quantities of water to be furnished by them. 
But in addition to this we now propose to enter upon more de- 
tailed and complete explanations, with regard to their constructioni 
action, and performance. For this purpose we have selected, by 
preference, from among the various forms of pumps, what is termed 
a combined lifting and forcing pump, the discharge of which is 
almost continuous, although its construction is similar to what is 
termed a single-acting pump. 

Fig. 1, on Plate 37, represents a vertical section, taken through 
the axis of this pump. It consists of a cast-iron cylinder, ▲, turned 
out for the greater portion of its length, and resting upon a feathered 
base, B, to which it is jointed and screwed by flanges. This base 
is cast in one piece with the suction or lift-pipe, C, below, and it is 
bolted down either to stout timbers, D, or to a stonework founda- 
tion. It encloses the valve-seat, e, which consists of a rectangular 
frame, divided by a central partition, o, and having the sides formed 
80 as to present two inclined edges, or faces, upon which the brass 
dacks, F, rest when shut The pipe, o, terminates below in a 
flange, by means of which the suction-pipe is attached, extending 
down to the water to be raised. Towards the upper part of the 
pump cylinder, a, is cast a curved outlet, a, likewise terminating 
in flanges, to which the discharge-pipe is secured. The piston, or 
bucket, of this pump is composed of a brass ring, or short cylinder, 
H, upon the outer circumference of which is formed a groove, 6, to 
receive a packing-ring, c, which fits, air-tight, to the inside of the 
pump cylinder. The bucket, h, has also a central partition, (f, to 
the top of which is jointed the two clacks, I, which rest upon in- 
clined seats, formed by the elevated sides, e, of the bucket This 
is farther cast with a bridle, /, perforated in the middle, to receive 
the screw-bolt, ^, which secures it to the stout hollow piston-rod, 
or plunger, j. This rod, which in the generality of pumps is made 
of but small diameter, like the upper part, K, of this figure, or that 
of K, in Fig. 6, of the same plate, is, in the present instance, of a 
sectional area, equal to half that of the pump cylinder. It follows 
from this, as will be more particularly explained further on, that 
the water is discharged during both the up and down stroke of the 



The clacks, 7, have projections, %, cast upon them, which pre- 
vent their opening too far, and falling over against the sides of 
the casing, B, so as not to shut again when required to do so. 
The clacks, i, in the bucket, have similar projections, t, for a like 
purpose, these projections striking against the top of the bridle, /, 
when the clacks open. It will have been observed, that the seats 
of these valves are inclined at an angle of 45^ with the view of 
facilitating their opening movement, and diminishing the concus- 
sive action of their own weight. The edges of these valves are 
sometimes covered with a surface of thin leather, to effect their tight 
closing. 

Figure 2 is an elevation of the bucket, R, with itsclaoks, l ; re- 
presented as detached from the pump. Fig. 3 is a horizontal section 
of the bucket, taken at the line, 1 — 2y and corresponds to Fig. 2. 
Figs. 4 and 5 give the details of the valve-seat, E, in elevation and 
plan, the clack valves, F, being removed. 

To prevent the entrance of air to the pump cylinder, it 
is closed at the top by a cast-iron cover, l, which is fitted 
with a stuffing-box for the passage of the piston-rod, or plun- 
ger; the packing is compressed by the gland, m, somewhat 
similar to that described (142) in reference to Figs. 4, 5, and 6; 
Plate II. 



ACnoir OP THE PUMP. 

884. The upper extremity of the pump-rod, k. Fig. 6, carries a 
cross-head, i, and is there jointed to the lower extremity of a con- 
necting-rod, N, which is itself jointed to the pin of a crank, o ; 
this latter is mounted on the end of a horizontal shaft, p, actuated 
by a continuous rotatory movement. This movement is trans- 
formed by means of the crank and connecting-rod into an alter- 
nate rectilinear motion — that is, into the up-and-down strokes of 
the pump bucket, H. — ^this last being forced to move in a straight 
line, the cross-head, l, sliding in vertical guide-grooves, to maintain 
the rod, k, in the same line with it. 

It follows, from this disposition of parts, that when the crank, o, 
is in the position, p — o. Fig. 6, the piston will be at the bottom of 
its stroke, that is, at h* ; consequently, during the time the crank 
turns, the piston must rise, tending to leave a vacuum below it, 
because the space between the clacks, f, and its under side in- 
creases, as well as the volume of air that may be therein enclosed. 
Consequently, the pressure of this air upon the clacks is dimi- 
nished, whilst that upon the surface of the water remains the same, 
and causes the water to rise up the suction pipe, c, and, raising the 
clacks, F, to enter the pump cylinder, filling it up nearly to the 
under side of the bucket or piston ; or, if the apparatus is in a per- 
fectly air tight condition, it will rise quite up to it. 

"When the crank has reached the position, P — 12, — ^that is, when 
it shall have described a semi-revolution, — ^the bucket or piston, h, 
itself will likewise be at the highest point of its stroke, and, in this 
position, all the space left behind it in the body of the pump will 
be filled with water; if now the crank, continuing its rotation, 
makes a second semi-revolution, the piston will descend, and, 
pressing upon the water below it, will cause the clacks, F, to 
shut Now, as the water is incompressible, it must find an exit, 
or else prevent the descent of the piston ; and it therefore raises 
the bucket-clacks, l, thus opening up for itself a passage through 
the bucket, or piston, h, above which it then lodges. But as the 
piston-rod, or plunger, j, is of a large diameter, and therefore occu- 
pies a considerable space in the pump cylinder, a part of the water 
must necessarily escape through the outlet, o, in such a manner 
that, when the piston shall have reached the bottom of its stroke, 
there will not remain in the pump cylinder more than half the 
quantity of water which was contained in it when the piston was 
at the top of its stroke. 

Such is the effect produced by the first turn of the crank, which 
corresponds to a double stroke of the bucket, or piston — that is, 
an ascent and a descent. 

At the second turn, when the bucket, or piston, again rises, it 
sucks up, as it were, anew, a volume of water about equal to the 
length of cylinder, through which it passes, because the suction- 
clacks, F, which were shut, now open again, and the bucket-clacks, 
I, which were open during the descent, are now shut by the 
upward movement of the piston. 

During this stroke, all the water which previously remained 
above the bucket, finds itself forced to pass off through the pipe, 
o, so that, with this arrangement of bucket and rod, or plunger, of 
large diameter, it follows that, at each up-stroke of the piston, the 
quantity of water which rises into the pump is equal to the length 
of cylinder through which the piston passes, the half of which 
quantity rises in the discharge-pipe during the descent, and the 
other half during the subsequent ascent of the piston, and the 
jet is consequently rendered almost continuous and uniform. 

When, on the contrary, the bucket, or piston-rod, is made very 
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Binall in diameter, as in ordinary pumps, such as that indicated in 
Fig. 6, the discharge of the water only takes place during the 
ascent of the piston, and it is consequently intermittent. 

In a pump, as in all other machines in which an alternate recti- 
linear motion is deriyed from a continuous rotatory motion, by means 
of a crank and connecting-rod, the spaces passed through in a 
straight line by the piston do not correspond to the angular 
spaces described by the crank-pin ; in fact, it will be seen from 
the diagram, Fig. 6, that if the crank-pin is supposed to describe 
a series of equal arcs, beginning from the point, o, the correspond- 
ing distances, o^l^ 1^2^, 2^3^ passed through by the piston will 
not be uniform ; very small at the commencement of the stroke, 
they will gradually increase towards the middle, after passing 
which they will similarly decrease whilst the piston approaches 
the other end of its stroke. The sucoessiye positions of the 
piston may be obtained by describing with each of the points, 
1, 2, 2, 3, 4, upon the circumference traced by the crank pin, 
as centres, and with a radius equal to the length of the connecting- 
rod, a series of arcs or circles cutting the vertical, passing through 
the centre, p, in the points, O', 1*, 2>, which indicate upon this 
line the various positions of the point of attachment, Z, of the con- 
necting-rod to the piston-rod ; these points are then repeated at 
OS IS 2\ on the same line, at distances from the points, 0*, 1*, 2*, 
equal to the length of the piston-rod, measured from the pointy I, 
to the bottom of the piston. 

It will be easily understood, that, in consequence of this irre- 
gularity in the motion of the .piston, the force and volume of the 
jet of water will vary througtiout the whole stroke. We have 
endeavoured to show the nature of this variation in the diagram. 
Fig. 7, which represents the comparative volumes of the jet of 
water at successive periods for a single-acting pump, such as the 
one in Fig. 6. 

This diagram is constructed by laying off upon any line, x y, as 
many equfd parts as we have taken in divisions on the cirde de- 
scribed by the crank-pin ; then through each of these points, as 
I, 2, 3, 4*, drawing perpendiculars to x y. As during the ascent of 
the piston from to 12, Figs. 6 and 7, there is no discharge, as the 
piston only sucks up the water, there is nothing to indicate upon 
these first divisions ; as soon, however, as the crank-pin passes 
the highest point, and the piston begins to descend, it will pro- 
duce the jet of water; it is considered then, that when it has 
passed through the first rectilinear space, 12^ to lli, the quantity of 
water forced out by the piston may be represented by its base multi- 
plied by the height, 11^ — 12S It is this distance which is set off from 
13 to a, upon the perpendicular drawn through the point, 13 ; in 
the same manner, when the piston descends from 11^ to 10^ it is 
also taken as represented by its base multiplied by the height, 
11^ — lOS which last is therefore set off from the point, 14 to b. It 
will be seen from this, that, in proceeding with the diagram, it is 
simply necessary to set off upon each of the perpendiculars drawn 
through the points of division, 15, 16, 17, the suocessive distances 
passed through by the piston during its descent, so as to represent 
intelligibly the actual volumes of water discharged for each portion 
of the stroke, since these volumes are proportional to the distances 
passed through by the piston, the section of the cylinder remain- 
ing constant. 

If, through the various points, a, &, e, d, Fig. 7, obtained in this 
manner, we trace a curve, we shall obtain the outline of a surface 
which we have distinguished by a flat shade, and which will give 
a good idea of the amounts of water discharged in conespondenoe 



with any position of the crank. On continuing the rotation of 
the crank, the piston next ascends and sucks up the water, conse- 
quently the jet of water is interrupted during this up stroke, but 
recommences on the dovm-stroke due to the subsequent part of the 
revolution ; the quantity of water then discharged is indicated in 
^g' *^t by a curve equal to the first, and on which the same points 
are distinguished by the same letters. 

To avoid this irregularity in the discharge, pumping appantns 
is sometimes constructed with two, or with three, distinct cylinden, 
in which the disposition of the pistons is such, that the points of 
attachment to the several crank-pins divide the circle described bj 
them into two or three equal parts. 

Figure 8 represents a geometrical diagram of the performance of 
a two-cylinder pump ; it is evident that the product of each of 
the pistons is alternately the same, since one descends whilst the 
other rises ; it is thus that one of the pistons, having produced a 
jet corresponding to, and expressed by, the curve, a^ 6^ c^, the other 
one immediately afterwards produces a jet, expressed by the curve, 
abed; so that this diagram only differs from Fig. 7, in that the 
xmoocupied intervals, from to 12, and 24 to 12, in the latter, are 
in the former filled up by an equal figure, covered by an equal flat 
shade. 

This diagram of the performance of a two-cylinder pump may 
also be considered as representing that of the pump. Fig. 1, which, 
because of its trunk piston-rod, acts as a double-acting pump, as 
already explained. 

Figure 9 represents the diagram of the performance of a three- 
cylinder pump, of which the pistons, h, h', h*, represented, for 
convenience' sake, as in the same cylinder, occupy the positions 
corresponding to those of the three crank-pins, o, o*, C, as placed 
at the angles of an equilateral triangle, inscribed in the cirole 
described by them with the centre, p. In consequenoe of this 
disposition, there are at one time two pistons ascending and one 
descending, and at another time, on the contrary, only one 
ascending and two descending. It is easy to represent the com- 
bined performance of these pumps in a diagram, by using different 
colours, or different depths of shade, for the performance of each, 
as dependent upon the successive positions, 1, 2, 3, 4, taken up 
by their successive crank-pins. By this means all confusion will 
be avoided, and it will be necessary to find the positions, 9, n\ n', 
of the attachment of the connecting-rod to the piston-rod upon the 
vertical line passing through the centre, p, only as for one cylinder, 
as the distances will be the same for all, being merely placed at 
different parts of the diagram. 

In the diagram, Fig. 10, we have laid down the performance of 
each of the three pumps, su{^)osing them aU to be of the same 
diameter, and taking care, when two pumps are discharging to- 
gether, to add together their performance ; thus, for example, when 
one of the pistons elevates a quantity of water, corresponding to 
the perpendicular, 13 a, that which is also discharging at the same 
time furnishes a quantity expressed by the distance, a a^ ; conse- 
quently, the total volume of the discharge at this instance is repre- 
sented by the total height, 13 a'; when, on the other hand, only 
one of the three pumps discharges, whilst the pistons of the other 
two are ascending, as in Fig. 9, the volume discharged is repre- 
sented by a single length of perpendicular, such as 18/ Now, it 
will be observed, that it is precisely at the moment when only one 
pump is discharging that it gives out its maximum performance; 
from which it follows, that the jet of water is continuous, and 
almost uniform throughout its duration, as will be very evident 
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from a consideration of the diagram, Fig. 10, the outline of which 
is determined hy perpendiculars, or ordinates, reaching nearly to 
the straight line, m », throughout. 

To compare the oomhined effect of a three-cylinder pump with 
tiiat of two or of three douhle-acting pumps, we have, in Figs. 8 and 
11, repeated the corresponding diagrams for the two last arrange- 
ments ; and it will he remarked, that although, with cylinders of 
an equal area, we necessarily ohtain a much larger discharge, yet 
the regularity of volume is not so great as in the previous example. 



STEAM-ENGINES. 
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AND 40. 



385. When the steam generated in a hoiler is led into a vessel, 
or cylinder, which is hermetically closed, it acts with its entire 
expansive force upon the sides and ends of such vessel, or cylinder, 
8o that if this encloses a diaphragm, or piston, capable of moving 
through it in an air-tight manner, the force of the steam, in seeking 
to enlarge its volume, will make the piston move. It is in this 
way that a mechanical effect is derived from the expansive action 
of the steam, and it is on the same principle that the generality of 
steam-engines are constructed. 

Thus, in most motors to which the name of steam-engine is 
given, the action of the steam is caused to exert itself alternately 
on the upper and under surface of the piston, enclosed in the 
cylinder, thereby causing it to make a rectilinear back and forward 
movement or stroke. 

Steam-engines are said to be low or high pressure engines, 
according as the tension of the steam is only of about 1 atmo- 
sphere on the one hand, or of 2, 3, and upwards, on the other. 
Low-pressure engines are generally condensing engines, and high- 
pressure ones non-condensing ; so that the terms, low pressure or 
condensing, high-pressure or non-condensing, are used indiscri- 
minately, although, in modem engineering practice, what are called 
high-pressure condensing engines are extensively employed. 

When the steam is made to act alternately above and below the 
piston, the engine is said to be double-acting ; and, of this descrip- 
tion are most of those employed at the present day ; but if the 
steam acts only on one side of the piston, as is the case in many 
mine-pumping engines, the engine is called a single-acting one. 

Low-pressure engines are generally also condensing engines; 
that is to say, that after the steam has exerted its expansive action 
upon the piston, and is on its way out of the cylinder, it passes 
into a chamber immersed in cold water^ and termed a condenser, 
where it is condensed or reduced to the state of water. This 
condensation produces a partial vacuum in the cylinder, and con- 
sequently considerably diminishes the resistance to the movement 
of the piston. 

In high-pressure engines, the steam which ha9 produced its 
effect upon the piston escapes directly to the atmosphere, so that 
the piston has always to overcome a resistance eqnal to one 
atmosphere, or about 15 lbs. per square inch, acting in a direc- 
tion opposite to its motion. 

Steam-engines are further distinguished as expansive and non- 
expansive ; of the latter description are those wherein the steam 
enters the cylinder throughout the entire stroke of the piston ; so 
that the pressure is uniform, since the volume of steam of a given 



pressure which enters is always equal to the space passed through 
by the piston. 

In expansive engines, on the contrary, the steam is only allowed 
to enter the cylinder during a portion of the stroke ; so that the 
expansive power of the steam is called into action during the 
remainder of the movement. 

The steam-engine detailed in Plates 38, 39, and 40, is one of the 
high-pressure class, with a variable expansion valve, and termed 
an upright high-pressure expansive steam-engine. 

Fig. 1, Plate 38, represents an external end elevation or front 
view of this engine, taken on a plane at right angles to the axis of 
the crank shaft, the frame of which consists of a hollow column^ 
with lateral openings. 

Fig. 2 is a horizontal section, taken at the height of the line, 
1—2, in Fig. 1. 

Fig. 3 is an elevation of a fragment of the lower part of the 
column, corresponding to Fig. 2. 

Fig. 4 is another horizontal section, taken at the line, 3—4, in 
Fig. 1 *, and Fig. 5 is an elevation of the capital of the column, cor- 
responding to the part cut away in Fig. 4 ; in this figure, and in 
Fig. 3, the shadows are indicated by a light flat tint. 

Figs. 6 and 7 are diagrams, relating to the movement of the 
governor, with its balls. 

Fig. 8, Plate 39, represents a vertical section, taken through the 
axis of the column and the steam cylinder, on the plane, 5 — 6, in 
Figs. 2, 4, and 10, and at right angles to the crank shaft, corre- 
sponding to Fig. 1. 

Fig. 9 is another vertical section, taken through the axis of the 
cylinder, column and crank shaft, at right angles to the preceding 
figure, and shows the most of the working parts of the engine in 
section. 

And, finally, Fig. 10 is a horizontal section, taken at the broken 
line, 7—8 — 9 — 10, in Fig. 9, and corresponding to it. 

This machine consists of a cast-iron cylinder, A, truly bored out, 
and enclosing the piston, B. On one side of the cylinder are cast 
the passages, a, 6, by which the steam enters alternately above and 
below the piston. These passages are successively covered over 
by a cup, or hollow slide valve, d, the details of which are g^ven in 
Figs. 28 to 31, Plate 40 ; and the valve is itself contained in the 
cast-iron chamber, B, called the valve eating^ and communicating 
with a second chamber*) F, called the expanaon-valve casing ; it is 
into this latter chamber that the steam is first conducted by the 
steam-pipe, a, from the boiler. The commnnication between the 
two valve casings is intercepted for short periods during the action 
of the machine, by the expansion valve, h, detailed in Figs. 38 to 
41, PUte 40. 

The vertical rod, i, of the piston, b, is attached at its upper 
extremity to a short cross head, or pin, e*, which connects it to the 
lower forked end of the wrought-iron connecting-rod, j, the upper 
end of which is jointed or hung on to the pin, /, of the crank, k. 
This crank is adjusted and keyed upon the extremity of the hori- 
zontal shaft, L, termed the crank shaft, having its axis at right 
angles to that of the cylinder, as seen in Fig 9, and in a line with 
it, as seen in Fig. 8. This shaft is carried at the one end by the 
column, and at the other by a wall or a cast-iron frame ; and 
it has keyed on it, at the end near the wall, the fly-wheel, m, and 
intermediate between the crank and fly-wheel are keyed the eccen- 
trics, N, o, r. The first of these eccentrics is intended to ac- 
tuate the distributing or ordinary steam-slide valve, d, the valve 
spindle, g, of which is connected to it by the eccentric rod, n^, and 
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iDtennediate adjustable rod, n'. The second, o, works the expan- 
sion valve, H, by means of the rods, o> and spindle, h ; and, finally, 
the third eccentric, p, gives an alternate movement to the piston 
or plunger, Q, of the feed-pump, b, through the rod, p^ 

The steam cylinder is bolted in a firm and solid manner, by its 
upper flanges, to the top of the hollow cast-iron plinth or pedestal, 
8, on which also rests, and is bolted, the colunm, t. The pedestal 
is square ; and, at the comers of its base, snugs are cast, by means 
of which it is firmly bolted down to a solid stone foundation. 

The column, t, is cast hollow, and with forr large lateral open- 
ings diametrically opposite to each other, their object being to 
diminish the weight of the column, and to a£ford the necessary 
passages for the introduction of the various pieces when being 
put together, or when taken down. This column also serves as a 
frame for the entire machine, and above the capital is placed a 
cast-iron pillar-block, u, furnished with bearing brasses to receive 
the principal journal of the first motion, or crank shaft, L, as well 
as the supporting brackets, k^ k\ of the spindle, /, of the ball 
governor. To its inner side are also bolted the two supports, ^ of 
the parallel motion, and guide, y, of the valve rods, ^, and ir'. 

ACnON OF THE MACHIKS. 

386. Before proceeding further, we shall give some idea of the 
general action of the machine. As already mentioned, the steam 
is generated in a boiler, such, for example, as that represented in 
Plate 14, and is conducted by the steam-pipe, o, into the first 
ehamber, f ; when the valve, H, in this chamber uncovers the 
orifice, or port, (/, the steam finds its way into the valve-casing, 
K, whence its passes either to the upper or to the lower end of the 
cylinder, accordingly as the valve, d, uncovers one or other of 
the two ports or passages, a, 6. Now, when the piston is, for 
example, at the top of its stroke, the passage, a, is almost fully 
open, whilst the channel, 6, is in communication with the exit or 
exhaust port, c, from which the two pipes, e*, conduct it to the at- 
mosphere. If, on the introduction of the steam to the cylinder, 
it has a pressure of, say four atmospheres, it follows that it will act 
upon the piston with all this force to cause it to descend ; since, 
however, the lower part of the cylinder is at this time in com- 
munication with the external atmosphere, there is a resistance 
equal to one atmosphere opposed to its movement, therefore the 
actual effective pressure acting on the top of the piston will be 
equal to three atmospheres. 

It is the same when the piston reascends ; the valve uncovers 
the port of the passage, 6, to allow the steam to enter the lower 
end of the cylinder, whilst the port, a, is put in communication 
with the exhaust port, c, by the cup of the slide-valve, D, to give an 
outlet for the steam which has just acted on the upper side of the 
piston during the down-stroke. 

It is to be remarked, that if the introduction of the steam takes 
place during the entire up-and-down-stroke of the piston, which 
might be the case if the steam-pipe, o, communicated directly 
with the valve-casing, b, and if the valve, d, kept one of the ports 
uncovered throughout the entire stroke, the pressure of the steam 
would remain constant ; in such case, it would be said that the 
machine was a high-pressure non-expansive engine — ^that is to say, 
that it worked with a full allowance of steam. 

In the engine, however, which at present occupies our atten- 
tion, the steam is first introduced into the casing F, the valve, 
H, of which, at each stroke, closes the passage, d^ commu- 
nicating with the second casing, b, before the piston reaches either 



end of its stroke. It follows, that the steam contained in the 
cylinder at the time of closing the passage, </, must augment in 
volume or expand, whilst its pressure will consequently decrease 
during the remaining advance of the piston : the engine is then 
said to be working erpansively ; and in this case a quantity of steam 
is expended for each stroke, equal only to a third, half, or two- 
thirds of the capacity of the cylinder, according as the in- 
troduction of the steam is intercepted at one-third, one-half, or 
two-thirds of the stroke ; it is the ratio between the quantity of 
full steam-pressure introduced, and the entire capacity of the 
cylinder, which expresses the degree of expansion at which the 
engine works. 

FABALLEL KOTIOK. 

387. The rectilinear alternate movement of the piston is trans- 
formed into a continuous circular motion on the first motion 
shaft, L, by the intervention of the connecting-rod, j, and crank, 
k; but with this arrangement there is naturally a lateral strain 
upon the top of the piston-rod, I, and in order that its movement 
may be perfectly rectilinear and vertical, it is jointed to a system 
of articulated levers, forming what is termed a parallel motion. 

This mechanism is composed of two wrought-iron rods, or 
radius bars, v, Figs. 1, 4, and 8, which oscillate on the fixed centres, 
t, and are articulated at their opposite extremities to the levers, x, 
near their middle, by means of the pin, n. The levers, x, are also 
of wrought-iron, and are jointed at one end to the cross head, ^, 
Figs. 4^ 8, and 9, of the piston-rod ; and at the other to the racking 
lever, t, attached to a cross spindle, o, and oscillating in bearings, 
in a couple of cast-iron brackets^ z, bolted to the lower part of the 
frame, or pedestal, s. 

The head of this last-mentioned oscillating lever is detwled 
separately, in Figs. 21 and 22, Plate 40. It has brasses, to embrace 
the journal of the spindle, ^^ by which it is connected to the ends 
of the levers, z. 

The combination of this mechanism is such, that the point of 
attachment, «*, constantly moves in a straight line throughout the 
entire stroke. It may be designed on geometrical principles, as 
indicated in the diagrams, Figs. 8 and 11. To this effect we have 
supposed, that after having drawn the horizontal line, ^ ;>, and 
the vertical, e e', distances, e ^ and e* e^, are set off on the latter, 
equal to the half stroke of the piston, or to the radius of the 
crank ; then, with the points, e, e*, describe an arc, with a radins, 
p, equal to the length of the lever, x, which is taken at pleasure, 
but should never be less than the stroke of the piston. If we 
next lay off this distance from «* to />', the space, p p^, will express 
the amount of oscillation of the rod, t, the centre of the oscillation 
0, of which we place below, on the vertical line, drawn at an equal 
distance from and between the two points, p, j^. We next fix 
the point, n, of attachment of the rods, v, to the lever, z. This 
point, n, during the movement of the parallel motion, necessarily 
describes a circular arc, of which it is requisite to find the centre. 
In investigating this problem, it is to be observed that, whatever 
may be the position of the lever, the point, n, is always at an 
equal distance from the extremity, p, or the other one, e. If, 
then, we in succession draw the lines, p e, p^ e^ p^ «>, p e>, indi- 
cating the different positions of the lever, corresponding to those, 
e, e\ «*, s*, of the piston-rod end, we shall, on each of these lines, 
obtain the several positions, n, n\ n\ n', by laying off on them 
either of the distances, p n or en. We can then very easily find 
the centre of the arc passing through these points, (10 and 11). 
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Fig. 12 represents the diagram of an analogous parallel motion, 
but one in which the rods, y, are so disposed, that their point of 
attachment is exactly in the middle of the levers, x ; and in this 
case, their axis of oscilhition lies in a plane passing through the 
Tertical axis, e €*. 



DETAILS OF CONSTRUCTION. 

BTEAX CYLINDER. 

388. The cylinder is cast in one piece with its bottom cover and 
lateral steam passages. As it should be l)ored with great care, so 
as to be perfectly cylindrical in the interior, a central opening is 
made in the bottom for the passage of the spindle of the boring 
tool; this opening, however, is afterwards closed by the small 
eover, a*, cemented at its junction surfaces, and bolted down to the 
bottom of the cylinder. The upper end of the cylinder is closed by 
a cast-iron cover, a^ which is formed into a stuffing-box in the 
centre, to embrace the piston-rod, which works steam-tight through 
it. The packing is compressed or forced down for this purpose by 
a gland, (142,) bolted to the stuffing-box, and hollowed out at the 
top to receive the lubricating oil The valve-face, on the outside 
of the cylinder, and on which the valve, d, works, is planed very ac- 
curately, so as to be a true plane throughout. The same is done 
with the valve-casing at the flanges, where it is fitted to the valve- 
face, and all the edges of the ports and valve are carefully measured 
and squared to correspond to each other. 

PISTON. 

The piston, Figs. 8, 9, 19, and 20, is composed of two oast-iron 
plates, which have an annular space between them for the recep- 
tion of two concentric cast or wrought-iron or brass packing-rings, 
c^ These rings are cut through at one side, and are placed one 
within the other in such a manner, that the breaks in each are 
diametrically opposite to each other; their thickness gradually 
diminishes on each side towards the break, and they are hammered 
on the inside in a cold state, which renders them elastic, giving 
them a constant tendency to open. Since the diameter of the 
outer ring is equal to that of the cylinder when the two edges are 
brought together, the elasticity of the inner ring, combining with 
that of the outer one, tending constantly to enlarge them, it 
follows that there must be a perfect coincidence between the 
outside of the ring and the inside of the cylinder throughout the 
whole extent of the latter. Thus the contact of the piston with 
the sides of the cylinder only takes places through the packing- 
ring, and not by the plates, Which are of a slightly less diameter. 
To prevent the passage of the steam through the break in the 
outer packing-ring, a rectangular opening is made in the two edges 
of the ring, and in this is placed a small tongue-pioce, a\ screwed 
to the inner ring, this piece serving to close or break the joint 
-without preventing the play of the rings. The principal plate or 
body of the piston is fixed to the piston-rod by means of a key, Figs. 
9 and 19. The piston-rod is made of increased diameter at its 
lower end. The upper end of the piston-rod is likewise fixed in 
a socket, i^. Figs. 9 and 13, which terminates in two vertical 
branches to receive the middle of the spindle, ^, which is held 
down by means of a key. 

GONNEOTINa-BOO AND CRANK. 

389. The connecting-rod, j, Figs. 8, 9, 14, and 15, terminates 
at its lower end in a fork, by means of which it is jointed to the 



crosshead e*, on each side of the piston-rod head, sufficient space 
being left between them for the ends of the levers, x ; brasses are 
fitted in either side, and secured by straps passing under them, and 
secured by gibs and cotters above. The head of the connecting-rod, 
Figs. 15 and 16, is likewise fitted with brasses to embrace the 
pin, /, of the crank ; these brasses are tightened up by means of the 
pressure screw, /*. 

The crank, k, like the connecting-rod, ;, is of wrought-iron, being 
adjusted on the end of the first motion or crank-shaft, and besides 
bmng shrunk on by heating, and then cooling it after it is on the 
shaft, it is further secured to it by a key. This crank is very often 
made of cast-iron in stationary engines, but in marine and locomo- 
tive engines it is generally forged, so as to be better suited for 
resisting severe strains and shocks. 

The crank shaft, l, is likewise either formed of cast or wrought- 
iron, and besides being supported by the brasses of the pillow- 
block, n, it is also carried by those of a similar block, fixed, (we 
shall suppose), upon a cast-iron plate or box built into the wall 
which divides the engine-house from the workshop or factory. It 
should always be laiger in diameter where it receives the fly-wheel, 
M, so as to give greater surface and leverage to hold the keys. 

FLT-WHEXL. 

390. The fly-wheel is of cast-iron— of a single piece in the pre- 
sent example, because its diameter is not more than 10 or 12 feet. 
When of larger dimensions, the rim and the arms are cast in sepa- 
rate pieces, and then bolted together. For wheels of from 15 to 25 
feet in diameter, the rim is made in several pieces, and the arms 
are also cast separate from the boss, and all the parts are then fitted 
and bolted together. The arms are sometimes made of wrought-iron 
in wheels of small dimensions, with the view of reducing the 
weight near the centre, without reducing the effect of the wheeL 

FEED-PUMP. 

391. This pump serves to force into the boiler a certain quantity 
of water, to replace that which is converted into steam and expended 
in actuating the engine. It is a simple force-pump, consisting of a 
cylinder, b, in which works the solid piston or plunger, q. The 
piston is not in contact with the sides of the pump cylinder, and 
the latter consequently only requires to be turned out at its upper 
part, where it is formed into a long stuffing-box and guide for the 
plunger, being necessarily air-tight. 

On one side of the pump is cast a short pipe, to which is attached 
the valve-box, bS generally made of brass. To the lower part of 
this is secured the suction-pipe, t\ communicating with a cistern 
of water, and having a stopcock, s\ upon it, somewhat like the one 
represented in detail in Plate 17. To one side of the valve-box is 
likewise fitted the discharge-pipe, carrying a similar stopcock, b^ ; 
this last pipe is generally passed through the pipe which carries off 
the waste steam, so that the water may take up some of the heat 
of thb steam before entering the boiler. 

It will be seen, from Figs. 9 and 23, that this valve-box contains 
two valves, «S ^ i ^^ lower one of which, »\ is the suction-valve, 
and the upper one, r*, is the discharge-valve. The Utter is much 
larger in diameter than the former, so that its seat may be wide 
enough for the lower valve to be passed through it. The upper 
end of the valve-box is dosed by a cover, which is firmly held 
down by the screw, r^ ,and iron-bow or bridle, q^, see also Figs. 10, 
11, and 12, Plate 11, (144.) 

Both valves are made conical at the seat, as shown in Fig. 24, so 
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as to fit more easily. The under part of the valve ia cylindrical, ao 
as to guide it ; but it ia cut away at the aides, to allow of the pas- 
sage of the water when it rises. It is from the appearance this 
gives, that these valves are called lantern valves. 

The pump cylinder is further furnished with a safety-valve, «>, 
of which Fig. 25 is a detailed view. The object of this is to permit 
the air to escape, when it accumulates within to such an extent as 
to destroy the action of the pump. This valve is horizontal, and 
is kept in its place by the bell-crank lever, ir, upon the horizontal 
arm of which is suspended a weight, sufficient to counterbalance 
the internal pressure. 

The top of the plunger is surmounted by a small rod, i^, adjust- 
able in the socket which terminates the long wrought-iron eccen- 
tric rod, p\ Figs. 9 and 18, the upper extremity of which is formed 
into a collar, embracing the circular eccentric, p. 

The action of this pump is analogous to that of the pumps of 
which we have already g^ven a description, in reference to Plate 
37. Thus, when the machine ia working, and the stopcocks, t* and 
s\ are open, the water rises from the cistern by the pipe, b\ the 
valve j^, opening, to give it passage into the body of the pump, 
into which it flows as long as the piston ascends. When, however, 
the piston descends, the water is driven back, and, closing the lower 
valve, ^, necessarily opens the upper one, «*, and proceeds along 
the discharge-pipe to the boiler. The quantity of feed-water is 
regulated by means of the stopcocks, and may be entirely shut off 
by closing them ; but then, in such case, as the eccentric, p, with 
its rod, p^, will continue to move, it will be necessary to loosen the 
plunger, q, which is done by unscrewing the thumb, v\ by which 
the rod, t\ of the plunger is attached to the eccentric rod, P^ in such 
a manner that the socket, li^t Fig. 18, at the end of the eccentric 
rod, p^, will simply slide up and down the rod, without moving it. 

BALL OB BOTATDTO PCNDULUK GOVSBNOB. 

392. The object of this piece of mechanism is the regulation of 
the velocity of the machine, in proportion to the resistances to be 
overcome ; and, accordingly, to this effect it opens or shuts a valve, 
c*, placed in the steam-pipe, o, and called a throttle-valve. Just 
as a freer or narrower passage is left for the steam by the opening 
or closing of this throttle-valve, which is contained in an especial 
box, to facilitate adjustment, and is actuated by a rod, passing 
through a stuffing-box at the side — so is the quantity of steam 
which finds its way to the cylinder more or less ; and, similarly, 
the consequent acceleration or retardation of the motion of the 
piston, as well as of the first motion shaft in connection with it. 

It is composed, as seen in Fig. 1, of the vertical spindle, /, stepped, 
at its lower extremity, in the end of a small bracket support, k\ 
and is held higher up by a second bracket, k. To its upper end 
are jointed two symmetrical side rods, m^, each terminating in cast- 
iron or brass spheres, o^. These side rods are also connected by 
means of the intermediate links, 2^, to the wrought-iron or copper 
socket or ring, t*, moveable upon the main spindle. 

A rotatory motion being given to the vertical spindle, and the 
balls being carried round with it, will have a constant tendency 
to fly off from the vertical line, by reason of the centrifugal force 
due to the rotation (251) ; as long as the rotative velocity remains 
the same, the balls will tend to occupy the mean position indicated 
upon the drawing, and corresponding to the normal velocity ; that 
is to say, the velocity to which the apparatus is regulated. When 
this velocity is exceeded — ^in consequence, as we may suppose, for 
example, of some parts of the machinery being put out of gear — 



the balb will fly asunder, and occupy the extreme position, «.', 
indicated upon Fig. 6. In this position of the balls, the socket, i\ 
will be lifted up. Now this socket is embraced, at its circolar 
groove, by the prongs of the forked lever, /, Fig. 9, which is con- 
nected to the vertical rod, h\ and this by a suite of levers and 
bell-cranks, g^, t^, q\ ^, and ^, communicates with the throttle- 
valve, c^, drawn with its box, a«, in Figs. 26 and 27, Plate 40. It 
foHows, from the combination of these connections, that, as the 
socket rises, the valve will be shut. If, on the contrary, the Telo- 
city should be reduced below the proper point, owing to an in- 
creased resistance, the balls will approach each other, and assume 
the position given in Fig. 7. The socket, t^, will descend, and, con- 
sequently, the throttle- valve will become more open, so as to allow 
a greater quantity of steam tc enter the valve-casing, and thence 
pass into the cylinder. The extreme positions of the governor 
arms, beyond which they cannot go, are determined by the guides, 
m', fixed upon the spindle, I, 

The motion of the governor spindle, /, is derived from the first 
motion shaft, L, by means of the grooved puUies, /)*, fixed upon the 
intermediate spindle, t\ placed close to the capital of the column, 
T, and by the bevel-wheels, r*, receiving their motion from the 
pulley, r*, so that a constant ratio is maintained between the rate 
of the machine and that of the governor. 

The geometrical diagram, Figs. 6 and 7, will sufficiently explain 
the respective positions of each of the pieces of the pendulum, and 
will show how the rising of the socket upon the spindle is caused 
by, and is in proportion to, the flying asunder of the balls, accord- 
ing to the number of revolutions of the splodle, and the length of 
the suspending arms. 



MOVEMENTS OF THE DISTRIBUTION AND EXPAN- 
SION VALVES. 

DI8TBIBUTI0N VALVE. 

393. We have seen that the valve, d, represented in different 
positions in Figs. 28 to 31, and in horizontal section, Fig. 32, 
is attached, by its rod, g, to the vertical rod, k", which is joined to 
the rod, n^ of the circular eccentric, k. Figs. 33 and 34. When, 
as was customary until lately, the centre of the eccentric lies in a 
radius perpendicular to the direction of the crank, the morements 
of the steam piston and valve are different to each other — that is to 
say, when the crank passes from the left horizontal to the right 
horizontal position, the piston makes a corresponding rectilinear 
movement ; the eccentric, however, passes from the lower extre- 
mity of the vertical line, drawn through the centre of the first 
motion shaft, to the upper extremity, or vice vena, and conse- 
quently g^ves the valve a rectilinear movement quite different to 
tiiat of the piston, in such a manner that, when the latter is at the 
middle of its stroke, the valve, on the other hand, is at the end, 
and the steam-ports are consequently fully open, to give the steam 
the freest passage into the cylinder. 

Whilst the piston is accomplishing its stroke in one direction, 
the valve moves up or down, and returns again to its central po- 
sition, the part which it covered being opened and again shut ; 
when, however, the crank makes two fourths of a revolution in 
different directions, the piston rises and falls half a stroke each 
way, whilst the valve makes a single rectilinear movement in one 
direction. 
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Finall/, for each of these movements, whilst the velocities of the 
piston are increasing from the commencement towards the middle 
of its sl3!oke, those of the valve are decreasing, and reciprocally. 
It therefore follows, that the maximum space passed through hy 
the piston, for a given portion of a revolution of the crank, cor- 
responds to the minimum passed through hy the valve. 

LEAD A2n> LAP OF THE VALVE. 

394. Of late years, engineers have recognized the advantage of 
inclining the radius of the eccentric, with regard to the radius of 
the crank, instead of placing them perpendicular to one another, 
in such a manner that, at the dead points — ^that is, the extreme 
high and low positionfi of the piston — ^the valve shall already have 
passed the middle of its stroke to a slight extent ; it is this advance 
of the valve which is termed the lead. 

The effect of giving this lead to the valve, is to facilitate the 
introduction of the steam into the cylinder at the commencement 
of the piston's stroke, and at the same time to allow a freer exhaust 
of the wast« steam on the other side of the piston ; a greater uni- 
formity of motion is in consequence obtained, whilst less force is 
lost. 

In order to avoid as much as possible the back pressure due to 
the slow exhaust of the waste steam, it is likewise customary, in 
addition to the lead, to give the valve more or less lap ; that is to 
say, to make the width of that part of the valve which covers the 
ports, a, b, Fig. 28, sensibly greater than that of the ports them- 
selves. 

In explanation of the effects due to the lead and lap of the 
Talve, we have, in Fig. 35, given a geometrical diagram, indicat* 
ing the relative positions of the crank, the piston, the eccentric, 
and of the valve. 

Let o represent the radius of the crank ; with this distance as 
a radius, and with the centre, o, describe a semicircle, which divide 
into a certain number of equal parts. From each of the points of 
division, let fall perpendiculars upon the diameter, o e. The points 
of contact, 1, 2, 3, 4, &&, represent upon this diameter, considered 
as the stroke of the piston, the respective positions of the piston, 
corresponding to those, 2', 3*, 4*, &c., of the crank pin. It is un- 
necessary to take into account the length of the connecting-rod, 
which connects the latter to the piston, because, in the present 
case, the connecting-rod is supposed to be of an indefinite length, 
and to remain constantly parallel to itself, so that it cannot mo- 
dify the results. 

With the centre, o, likewise describe a circle with a radius, 
o a\ equal to that of the eccentric, N. We have assumed the 
point, a\ to be the position the centre of the eccentric should 
have at the moment when the piston is at the end of its stroke-— 
that is to say, at o ; the distance of this point, a>, from the verti- 
cal, m H, expresses the lead of the valve, and consequently the 
angle, m o a\ is called the angle of lead. The position of the 
point, a\ may likewise be obtained, after the following data are 
decided on— namely, the height of the ports, a, 6, Fig. 28, the 
width, r «, of the flange of the valve, which is equal to the height 
of opening, t r, which properly expresses the amount of lead g^ven 
of the port augmented by twice the lap, together with the amount 
to the introduction of the steam to the cylinder, and the amount 
of opening, «* t\ expressing the lead g^ven to the escaping steam, 
and which is always greater than the former, so that the exit or 
exhaust passages may be in communication as long as possible. 

The diameter of the eccentric, N, is equal to the height of the 



port, augmented by the width, r s, of the flange of the valve, and 
the difference which exists between the two amounts of lead, «^ l^ 
and rt; it is, then, with the half of this as radius that the circle, 
fli 61 c» d*, must be described ; and we then obtain the point, a\ by 
setting off from the centre, O, to the right of the vertical, m n, a 
distance equal to the lead of introduction, r t, augmented by the 
lap. Starting from this point, a^ we then divide this circle into 
as many equal parts as we previously divided the one into, de- 
scribed by the crank pin, and then through each of the points of 
division we draw perpendiculars to the vertical, m n. 

We further draw the straight line, a* ^S parallel to m ft, when 
the distance of the several points of division from this line will 
indicate the successive positions of the valve in relation to those 
of the piston. Thus, after having drawn the horizontals, r u, 
through the extreme point, r, of the valve, at the moment when 
the piston is at the extremity of its stroke, make 1' — 1^ equal to 
lA 6*, and the point, 1^ indicates how far the valve has descended 
during the time the piston has traversed the space, o 1, whilst the 
crank has described the first arc, o IK In like manner, set off 
the distances, c^ e%fd^ d^ &c., which correspond to the third and 
fifth divisions, reckoning from the horizontal line, r u, from t^ to 3^, 
and from h^ to 5\ on the verticals corresponding to the third and 
fifth jxMitions of the piston, and consequently the positions, 3' 
and 5', of the crank. It will then be seen that the valve con- 
tinues to descend imtil the moment the centre of the eccentric 
reaches the point, /^, upon the horizontal line, o/\ corresponding 
to the sixth position, and the valve then wholly uncovers the 
port, a, as shown in Fig. 29. During the continued revolution of 
the eccentric, on passing this point the distances of the points of 
division from the line, a^ g^, diminish, and the valve reascends, in 
such a manner as that, when the centre attains the point, p — that 
is to say, when the crank shall have performed a semi-revolution, 
and the piston have arrived at 18, at the other end of its stroke— 
the valve will occupy the position indicated in Fig. 30. This 
figure shows that it uncovers the lower port, 6, for the introduc- 
tion of the fresh steam, and the upper one, o, for the escape of 
the used steam. If the respective positions, 6>, 7^ 8', 9^ &c., of 
the valve be determined throughout the entire stroke, by setting 
off upon the verticals, 6, 7, 8, 9, &c., the distances of the points of 
division of the eccentric from the straight line, a^ g\ as already 
explained, a curve will be formed, as at u 3^ 6' 9^ 18^, which is a 
species of ellipse. This diagram has the advantage of bringing 
into a single view the relative positions of the crank, piston, eccen- 
tric, and valve, and facilitates the determination of the position of 
the valve, corresponding to any position of the piston. 

Thus, to obtain the position of the valve, to correspond to that 
of, y, of the steam-piston, it is sufficient to draw the vertical, y x\ 
which will cut the curve in the point, v'. The distance, v^ x', of 
this point, from the horizontal, t u^ passing through the upper 
edge of the introduction port, a, shows how much of this is un- 
covered by the valve. It will be seen, also, that the curve is cut 
by the horizontal, t u\ in the point, y\ which indicates the moment 
at which the valve closes the port. In this position the piston 
will only as yet have reached the point, 2^, of its stroke ; and it 
has, consequently, to traverse the distance, y* 18, the remainder 
of the stroke, before it can receive any more steam from the boiler, 
which shows that, with a valve which has lead and lap, we actually 
work the steam expansively to a slight extent. In the case before 
us, the steam is cut off at four fifths of the stroke. 

It will be understood that, if the machine continues its action. 
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the piston will retrace its stroke, the centre of the eccentric which 
had reached p will continue to ascend, and the valve will shortly 
attain the position indicated in Fig. 31, this taking place -as soon as 
the centre of the eccentric reaches the point, z. In this position, the 
ports, a, 6, are completely open — the first to the exit or eduction aper- 
ture, c, the other to the induction of the steam, whilst the valve is at 
the highest point of its stroke, as will also be found by continuing 
the curve, u 9» 18», of which the prolongation, 18* 24' 30», is ex- 
actly symmetrical with regard to the inclined line, ii 18\ On the 
same diagram, Fig. 35, we have delineated a second elliptic curve, 
0< 9* 18*, equal and parallel to the first, and which indicates the 
respective positions of the point, «\ of the lower edge of the cup of 
the valve, in relation to the port, 6, so as to have, at the same 
time, the positions of this edge of the valve, and consequently the 
relation and amount of exhaust due to, or given by, the same 
eccentric, at any particular point in the piston or the crank's mo- 
tion. This outline is obtained by setting off the constant distance, 
r «*, of the valve, Fig. 28, upon the verticals, drawn through 
1, 2, 3, 4, Ac. 

It may be remarked, that the distance between the ports, a and 
by is arbitrary. It is, however, advisable to reduce it as much as 
possible in order to diminish the surface of the valve, and, conse* 
quently, the pressure of the steam acting on the back of it In 
all cases, it is necessary that the height of the exhaust port, e, 
should be greater than that of the steam ports, by a quantity at 
least equal to the difference which exists between the lap and the 
lead, f* «> and < r. 

EXPANSION VALVE. 

395. The action of the expansion eccentric, o, is analogous to 
that of the ordinary valve eccentric, except that the jXMition of its 
centre is not regulated in the same manner. 

We may observe, in the first place, that this eccentric is not 
immoveably fixed upon the main shaft, l, as is the case with the 
preceding one. It is only attached to the adjustable collar-piece, 
p*. Figs. 36 and 37, by screws, u\ This arrangement allows of its 
throw being increased or diminished ; that is, of its centre being 
placed further from or nearer to that of the shaft, according to 
the length of stroke which it is wished to give it. To this end, 
its central opening is oblong in shape, and the holes for the 
securing screws are oblong likewise. 

If the centre of this eccentric happens to be in the same direc- 
tion as the crank, the expansion valve, h — the spindle, A, of which 
is guided by the socket-bracket, h\ attached to the pedestal, b, and 
drawn more detailed in Fig. 43 — ^is wholly open when the piston is 
at the end of its stroke ; but we have supposed, as indicated in Fig. 

35, that the centre of this eccentric is in the point, a*, upon the 
circle described with the centre, 0, and radius equal to l a*, Fig. 

36, of the eccentric, and that the valve does not therefore wholly 
uncover the entrance port, <f, at this moment, so that at the time of 
closing it may be later on than would otherwise be the case. 

As in the preceding case, we divide this circle into equal parts, 
starting from the point, o* ; through the point, a*, draw a vertical 
line, and then set off on the various verticals, 1, 2, 3, 4, &c., the 
distances of the points of division from this line, measuring these 
from the horizontal passing through the upper edge, f\ of the 
valve, H ; we thus obtain a second elliptic curve, « m^ n^ p\ the 
inside of which is flat — ^tinted with a slightly stronger shade than 
the ellipse corresponding to the distribution valve, so as to render 
the diagram more distinct This curve cuts the horizontal line 



drawn through the upper edge of the port, rf, in the point, n\ 
which indicates at what time the valve, H, closes the entrance port, 
Fig. 39. It will be seen that this point corresponds to the position, 
6, and 6S of the steam piston and crank, thereby signifying that 
the cut-off takes place when the piston has performed no more than a 
fourth of its stroke. Continuing the movement, it will be obserred 
that the valve, H, rises higher and higher, so that it beg^ to un- 
cover the entrance port a little before the piston reaches the end of 
its stroke ; but it is evident that the steam cannot find its way 
into the cylinder at this point, for the distribution valve is in its 
turn closed, as soon as the position, y^ y\ is passed ; no inconve- 
nience, therefore, will be caused by the fact of the valve, h, being 
open before reaching the end of its stroke, as indicated in Figs. 38 
and 40, and as shown also in the diagram. Fig. 35. 

By varying the radius of the eccentric, o, and the position of 
its centre relatively with the radius of the crank, it will be easily 
understood, that within certain limits we can alter the time when 
the valve, h, opens and closes the entrance port, and are conse- 
quently enabled to vary the degree of expansion. 

Figures 41 and 42 show that the rod of the valve is attached to 
it by a T joint, which leaves the valve suflSciently free for the steam 
to press it constantly against the planed valve face ; and a similar 
adjustment is adopted with the distribution valve. 

The general explanations which we have given in the preceding 
pages, with reference to the construction and action of this engine, 
evidently apply to other systems, which merely differ in some of 
the arrangements and forms of the component pieces. Moreoreri 
in our notes, the student will find most of the rules and formula 
necessary for the calculations in designing steam-engines. 



RULES AND PRACTICAL DATA. 

BEBCARK8 ON MACHINE TOOLS. 

TELOGITT OF THE TOOL, OB OPEBATTKG PISOB, IK XACHDrXS 
nrTBMDBO TO WORK IN WOOD AKD MKTAL. 

396. We now proceed to a very important practical inquiry in 
the construction of turning-lathes, planing, boring, and drilling 
machines, namely, the most advantageous cutting velocity for the 
different kinds of material. 

It cannot, we apprehend, have escaped the observation of oiir 
readers who are in the habit of turning metal, that when a velo- 
city exceeding certain prescribed limits is imparted to the material^ 
the edge of the cutting-tool applied to reduce the surface of that 
material is brought to a soft state and rendered useless. This is an 
acknowledged fact, and many ingenious contrivances have been, 
from time to time, introduced to meet the exigency of the case, or 
in other words, to regulate the speed of the lathe according 
to the nature and diameter of the metal or other substance to be 
turned. It is commonly supposed that for wood the velocity can- 
not be too great, yet this is probably a vulgar error, since if we | 
allow the speed to pass certain limits the tool necessarily becomes ^ 
hot, loses its temper, and ceases to cut. Wrouglit-iron requires a ^ 
slow motion, and cast-iron, above all, ceases to be cut by the | 
edge of the tool, unless a very slow and regular motion is preserved, > 
otherwise the tool only acts by abrasion, and actually grinds awa/ | 
on the face or cutting edge. 

The opinion of practical men is much divided on this point— 
some name from ten to fifteen feet per minute as a maximtm velo- 
city, others allow thirty to forty feet, whilst others again regard 
this as the minimum speed which should be given to cast-iron, in 
order to obtain the greatest effect from the tool. 
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For tunuDg or boring cylinders, or indeed any substance of which 
the diameter is nearly eqnal thronghonty the velocity of the 
machine continues uniform ; but with an increasing or diminish- 
ing diameter the speed can be easily increased or diminished by 
means of conical pulleys placed in opposite directions, as also 
by many other mechanical contrivances, which are too familiar to 
practical men to require any extended description. An approxi- 
mate rule for the velocity of cast-iron turned, by means of the 
slide-rest, is about 5*5 inches per second ; the metal is turned by 
hand-tools, the speed at its circumference is from 7 to 7 '5 inches 
per second to rough out, and from 11 to 12 inches per second to 
finish* 

The difference of velocity of the work, or the tool, when the turn- 
ing is effected mechanically, or by the hand, is deduced from the 
obvious fact, that in the former case the contact between the tool 
snd the work is constant and invariable, whilst in the latter it is 
intermittent. 

The velocity at the circumference of the material, or of the tool 
for turning or planing very hard cast-iron, should be reduced to 
about 2*5 to 3 inches per second; and for widening or broaching 
cast-iron the velocity should be from about 1*5 to 2 inches per 
second when the skin of the metal is broken ; but if a steam 
cylinder, for instance, is set in the boring-mill the first cut should 
be still farther reduced, and may be taken roughly at about 1 inch 
per second. 

M. Armengaud, a distinguished French engineer, has given the 
annexed table, which indicates the average degree of speed, as well 
for turning as boring cast-iron, the first two columns for the 
former, and the second two for the latter process. 
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The foregoing rules apply only to cast-iron; however, the 
maximum speed for malleable-iron in general may be obtained 
by multiplying the already stated velocities by '4. If we double the 
speed of malleable-iron we are still within bounds for brass ; and as 
a general rule, the softer the material the greater the speed required ; 
for instance, soft woods require a greater speed than those known as 
hard wood, such as beech, oak, ash, &c. We do not consider these 
roles as the exact velocities, but merely give them as a near 



approximation to the every-day practice of those engaged in this 
kind of work: — ^the nature of the material, the shape and 
strength of the tool, always regulates the most economic velocity. 

HYDBAULIO MOTORS. 
397. The fall of a stream of water varies with the locality, and 
gives rise to the employment of different kinds of hydraulic motors, 
which are denominated according to their several peculiarities as 
follows : — 

mSTDEBSHOT WATEB-WHEELS. 

The term undershot is applied to a wheel when the water 
strikes at, or below, the centre, as that shown in Fig. 1, Plate 
36, (377) ; and the greatest effect is produced when the periphery 
of the wheel moves with a velocity of *57 that of the water. 
To find the velocity of the water, multiply the square root of the 
perpendicular height of the fall in feet by 8, and the product is 
the velocity of the water infect per second, which, when multiplied 
by -57, the product gives the velocity of the wheel. 

Example, — ^Required the maximum velocity of an undershot 
wheel, when propelled by a fall of water 6 feet in height. 

V' 6 = 2-45 
Then 2*45 X 8 = 19*6 feet, the velocity of water. 
And 19-6 X '57 = 11-17 feet, per second for the wheel, 

BREAST AND 0VEB8H0T WHEELS. 

Wheels that have the water applied between the centre and the 
vertex are termed breast wheels, and overshot wheels when the 
water is brought over the wheel to the opposite side, as shown in 
Fig. 13, Plate 36, (381). In both cases the maximum velocity at 
the periphery of the wheel is generally taken at about ) that of 
the water ; hence, to find the velocity at the periphery of an over- 
shot wheel, we have only to multiply the velocity of the water due 
to the height of head by the numerator 2, and divide by the 
denominator 3. 

Example. — ^Required the velocity at the periphery of an over- 
shot wheel when propelled by a fall of water 6 feet in height. 

v' 6 X 8 X 2 

5 = 13*06 feet per second for the wheel 

But one-tenth of a foot of head must be added for every foot of in- 
crease in the diameter of the wheel, from 15 to 20 feet, and -05 more 
for every foot of increase from 20 to 30 feet, commencing with 
five-tenths for a 15 feet wheel. 

This additional head is intended to compensate for the friction 
of water in the aperture of the sluice to keep the velocity as 3 to 2 
of the wheel. 

When the water flows from under, or over the sluice, we refer 
the reader to the formula and data given at page 124, (336). 

In estimating the power of water wheels, half the head must be 
added to the whole fall, because 1 foot of fall is equal to 2 feet of 
head ; call this the effective perpendicular descent ; multiply the 
weight of the water per second by the effective perpendicular 
descent and by 60 ; divide the product by 33,000, and the quotient 
is the effect expressed in horses' power. 

Example 1.— -Given 16 cubic feet of water per second, to be 
applied to an undershot wheel, the head being 12 feet, required the 
power produced. 

12-2 = 6 and i>^ii^J:i2<i?= 10-9 



33000 



horses' power nearly. 
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Example 2. — Giyen 16 cubic feet of water per aeoond, to be 
applied to a high breast or an overshot wheel, with 2 feet head and 
10 feet fall ; required the power. 

« . n ^ , r+To X 16 X 62-5 X 60 _. 
2 -r 2 = 1 and -^^ ^^ = 20 

horses' power. 

COHSTRUCnON OF THE WHEEL. 

398. The diameter to be given to a wheel of this description has 
not been accurately determined, because it has not a direct influ- 
ence upon the useM effect that may be obtained from it. Never- 
theless, it is manifest that it should not be too small ; for in that 
case the water would be admitted too nearly in the horizontal line 
passing through the centre, or even above it, which would cause 
great loss of power. Neither should it be too great, for in that 
case the exaggerated dimensions would but involve an increased 
bulk and weight, and, consequently, a greater load and more fric- 
tion, without any compensating advantage. 

In general, for a fall of from 7 to 10 feet, it is advisable to make 
the extreme radius of the wheel at least equal to the mean height 
of the fall, augmented by twice the depth of the water upon the 
edge of the outlet 

Thus, in the case before us, the height of the fall being limited 
to 10 feet, the outer radius of the wheel should not be less than 10 
feet, plus twice Ihe depth of the overflowing body of water when at 
its fullest. 

Water-wheels on the same system, with a fall of water of about 
8 feet, have often an extreme diameter no greater than this. 

Supposing the fall to be 6 feet, and the number of turns 
per minute required to be 10 = N ; then the diameter will be 
^f X V' 6 = 4-6 X 2-45 = llj feet nearly. 

If we put tt to denote the velocity of the extremities of the floats, 
which in this case is 10 feet per second, and N the number of 
turns desired in a minute, the diameter will be expressed by 
60 u 



•N 



= 19-1 



And to obtain an effect approaching the maximum, we have the 
diameter expressed in terms of the velocity and height of fall 

thus : — 

19-1 X V' H = 46 

46 
And-:jv- X • H = llj feet diameter of wheeL 

This is nearly the minimum diameter of wheel which would 
under any circumstances be employed; 12 feet to 25 feet may 
indeed be taken as the usual range ; but unless the volume of 
water be extraordinarily great — ^breadth is then better than 
diameter — ^we cannot conceive of any advantage, other than 
may arise from some peculiarity in the nature of the machinery 
to be impeUed, which may not be obtained with a diameter 
of 16 feet to 18 feet It is, however, to be observed, that 
the smaller the diameter the greater is the nicety of adjust- 
ment required to make the water yield its effect upon the 
buckets ; and possibly the errors which have been committed in 
this particular have led to the common opinion that a wheel of 
large diameter is always in practice the most effective. 

To find the centre of gyration of a water-wheel, take the radius 
of the wheel and the weight of its arms, rim, shrouding, and float 
boards. Then call the weight of the rim, R, which must be mul- 
tiplied by the square of the radius, and the product be doubled and 



then carried out Next the weight of the arms, called A, must be 
multiplied by the square of the radius, and be doubled and carried 
out OB before. Then the weight of the water in action, called W, 
must be multiplied by the square of the radius and earned out. If 
these products be added together into one sum, they will form a 
dividend. For a divisor, double the sum of the weights of the rim 
and the arms, and add the weight of the water to them. Divide 
the dividend by the divisor, and the square root of the quotient will 
be the radius of gyration. 

Example, — ^In a wheel 24 feet diameter. The weight of the 
arms is 2 tons, the shrouding and rims 4 tons, and the water in 
action 2 tons ; hence by the above, 

R = 4 tons X 12« X 2 = 1152 
A = 2 tons X 12« X 2 = 576 
W=2tonsXl2«= 288 

Their sum 2016 dividend and 
2 X (4 + 2 + 2) = 16 the divisor. 

A /2OI6 

', ^ -^g- = t/ 126 = 11-225. 



the answer, 



NUHBER AKD CAPACITY OF THB BUCKETS. 

399. Although the number of buckets cannot be determined in 
accordance with any exact rule, it is, nevertheless, of importaDce 
that their pitch should not be much greater than the depth, or 
thickness, of the overflowing body of water acting upon them. It 
is also necessary that the number of the buckets, should be divisible 
by that of the arms of the wheel, so that the whole may be put 
together conveniently. 

If we take, for instance, a wheel of 20 feet diameter. 

Then :— 20- X 3-1416 = 62-83 feet. 

We can very conveniently give this wheel 8 arms and 64 buckets; 
and the pitch of these last will be nearly 1 foot With this distance 
between the buckets, there should not generally be a greater depth 
of overflow than 10 or 10 J inches ; because, at 11 inches the voter 
would begin to choke, and not be admitted easily into the buckets, 
consequently it would rebound against the interior of the channel, 
giving rise to a continual shaking action. 

Thus, then, in determining the number of buckets for an under- 
shot water-wheel, receiving the water from an overshot outlet, it 
is necessary to calculate the spaces between them, so as to be about 
a third, or at least a fourth, greater than the depth of the water at 
the outlet, whilst their number must be divisible by the number of 
arms of the wheel. 

Water-wheels of from 10 to 15 feet in diameter should have six 
arms for each rim or shrouding ; and for wheels of 15 to 20 feet in 
diameter, there should always be eight arms for each shrouding; 
and the number of arms should obviously increase for wheels of 
greater diameters than 20 feet for this and larger diameters ; one 
arm and a segment of the shrouding is generally cast in one piece. 

With regard to the capacity of the buckets, and the channel 
taken together, it should be equal to at least double the volume of 
water discharge. Therefore, on this basis, we can always easily 
determine the depth to be given to the buckets, when the maximum 
discharge is known. 

The distance between the buckets, however, is not the same at 
the inside as at the extremities, and the capacity is also further 
diminished by the thickness of the sides of the buckets, and by the 
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' of the machine are determined, as stated in the following expres. 
sions — ^it being understood that the machine has two, and only two 
jet orifices, and these so formed as not to cause the issuing jets to 
contract more than in the proportion of 97 to 100 after the fluid 
has left the orifices. 

Width of each discharging orifice = T/ iqqq h v/ H 

Width of each arm of machine = 4 w 
Diameter of the machine = 50 w= d 
Diameter of central opening = 10 w 

149-4338 • H 
Kumber of revolutions in a minute ^ 

, All these rules, except the last, may be departed from with impu- 
uity; but it is impossible to enumerate the circumstances and 
conditions under which modifications may be safely introduced, 

■ and where they would be prejudicial. These can only be appre- 
ciated by practice and a close investigation of the action of the 

, machine. The rules are, however, safe within a wide range of 
fall— in fact, for all ordinary cases. 

tTBAM AND STEAH-ENOmSS. 

403. All liquids whatever, become changed in their physical con- 

. ditioD, by the action of two forces operating in opposite directions ; 

and it is admitted as a general principle, that one of these forces, 

namely, increase of pressure upon them, tends to induce the solid 

' state, whilst the other opposing force, namely, increase of tempera- 

, turc, tends to induce the gaseous state. 

Under the ordinary pressure and temperature of the atmosphere, 
' pure water is in the liquid state, and may be converted into vapour, 
I or steam, either by diminishing the pressure, or by increasing the 
I temperature in a certain ratio. When water contained in a vessel 
; is raised in temperature by the application of heat, and still under 
j the pressure of the atmosphere, it becomes converted into steam 
\ when at a temperature of about 212° Fahrenheit, which is the 
highest temperature, to which pure water can be raised in any 
I open vessel ; and the pressure agreeing with this temperature, will 
I very nearly coincide with that of the atmosphere, namely, about 
I 15 lbs. per square inch ; but if the vessel be hermetically sealed, 
. as, for example, a steam-engine boiler, the temperature and 
I pressure may both be increased by the continuation of heat, and 
will press with a force equal in every direction; so that each 
\ square inch of the internal surface, exposed to the action of the 
steam, must be alike capable of sustaining the increasing pressure. 
'The amount of pressure corresponding with the temperature, cannot 
exactly be expressed by any formula ; but the expansive force of 
I steam, as also gases in general, is nearly inversely as the volume ; 
thus, if at the pressure of one atmosphere, steam occupies one cubic 
foot, the same quantity, at a pressure of two atmospheres, would 
' only occupy one half of a cubic foot To ascertain the amount of 
I heat absorbed during the generation of steam, many very careful 
' experiments have been performed ; but, from the many practical 
difficulties connected with such experiments, no exact law has as 
I ret been discovered; however, an approximate rule is, that a 
given weight of steam, contains nearly six times the heat, neces- 
sary to raise an equal weight of water, from the mean temperature 
to 212' Fahrenheit. This absorbed heat, cannot be measured by 
the thermometer alone, and is generally termed *Matent heat," 
being more easily defined by condensing a certain weight of steam 
amongst a known quantity of cold water, and then noting the 



number of degrees the water has been elevated. In England 1000° 
Fahrenheit is considered sufficiently near the true amount for all 
practical purposes, and the practical draughtsman, will find no 
appreciable error by adopting this constant number. 

The weight or density of steam, is exactly that of the water it 
contains ; but, the force and weight increase in different ratios ; 
for example, a cubic foot of steam, at the pressure of one atmos- 
phere, weighs about 0*0364 lbs. avoirdupois, whilst steam, at a 
pressure of 4 atmospheres, weighs only 0*1298 lbs. 

In those engines which are called low-pressure engines, the 
steam is produced at a temperature, very little over that of 
boiling water, or 212° Fahrenheit, in which case the tension of the 
steam, will sustain a column of mercury, 30 feet high in a perfect 
vacuum. It is also equal to a pressure of 1 atmosphere, or 15 lbs. 
per square inch. At this pressure those generally known as Wattes 
engines, without cut-off valves, are calculated. 

There is, however, a great difference between the pressure of 
the steam in the boiler, and that to which the effective power of 
the machine is due. It is evident, that a part of the pressure will 
be absorbed by the back pressure due to an imperfect vacuum, as 
well as by the friction of the piston, the moving parts, and the 
leakage, and condensation in the steam passages. So that, taking 
into consideration these various causes of loss, the effective force 
may be estimated accordingly. 

The rule for calculating the power of low-pressure steam-engines 



Multiply the mean effective pressure of the steam in lbs. upon the 
area of the piston, expressed in square inches, and the product by 
the velocity of the latter infest per minute. 

The result of this calculation will be the useful effect of the 
engine in lbs. raised 1 foot per minute. 

To find the horses power, this result must be divided by 83*0G0 
and is expressed thus: — 

IP A X P X V 
^^ — 33,000 
Where IP represents the number of horses-power ; A the area of 
the piston in square inches ; P the mean effective pressure of the 
steam in lbs. per square inch ; and V the velocity of the piston in 
feet per minute. 

The length of the piston's stroke is calculated by the designer, 
in accordance with the work the engine has to perform ; so that 
the maximum, and minimum velocities of the piston, will agree with 
the following formula : — 

V=y^Lxl28, 

Where L represents the length of the stroke in feet, and V the 
velocity required. 

Example.' -Let 4 = the length of stroke in feet ; then the square 
root of 4 is 2, which, when multiplied by 128, gives 256 as the 
required velocity, of the piston in feet per minute. If we now 
divide the product already found, by the number of feet the piston 
must travel through to accomplish one full stroke, (which is 8 feet) 
we find the number of strokes per minute to be 32. 

Single-acting enpines, such as are employed in mines, have 
cylinders of the same dimensions as double-acting ones, but of only 
half the power. Thus, the cylinder of a low-pressure steam-engine, 
of 50 horses-power, and only single-acting — that is to say, receiving 
the action of the steam during the descent only of the piston, is 
exactly the same as in a machine of 100 horses-power, in which the 
steam acts alternately on both sides of the piston. 
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TABLE OF THE PROPERTIES OF STEAM, AND OF ITS USEFUL EFFECT AT DIFFERENT PRESSURES. 
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The above table very nearly coincides with some of the 
most recent experiments, on the mechanical properties of steam, 
and, with its assistance, many important calculations will be readily 
obtained. 

In determining the size of cylinder for any given pressure, or 
for any given boiler, the volume of steam is a necessary element 
in the calculation, and for this purpose the following rules are sub- 
mitted for ordinary steam. They are based on the ascertained 
facts that steam of atmospheric pressure is very nearly 1700 times 
the volume of the water which produced it ; and that for each 
additional degree of heat of Fahrenheit's scale, steam expands 
when in contact with water, -00202 times in bulk, hence for any 
pregbure we have : — 

1700 X 14-75 1 X '002 02 (temp.— 32) 
Volume = ^f-^^re ^ 1 X -00202 X 180 

The following rules are very simple in their application :— 

By Pambour, 

^ 10000 

Volume = ■ 



1-421 X '331 pressure 



Pole gives, 



Volume = 



24250 

-- + 65 



pressure 

Example. — ^Kequired the volume of steam of 100 lbs. pressure 
per square inch relatively to water as 1 7 
By Pambour, 

10000 ^^^^^ . 

10rir33lX 1-421= 2«9-6 times. 



By Pole, 



24250 
100 



65 = 307-5 



or a difference of nearly 18 volumes of the water forming the 
steam. 

The volume may also be found by adding 4-29 to the pressure 
in pounds per square inch, and deducting the logarithm of this sum 
from 4-4799. The natural number of the remainder will give the 
ratio of the volume of steam to water. 
For the last example we have — 

log. of 100 + 4-29 = 2-0182 ; and 44799 

less 2-0182 = 2-4617 



and the natural number of 2*4617 = 289 4 
or nearly the same as Pambour's formula gives. 

The volume of steam under expansion may be found approxi- 
mately by adding 459, to the respective temperature, before and 
after expansion, and dividing the greater by the lesser sum. The 
volume due to the lowest temperature multiplied by the quotient 
will give nearly the volume for the highest temperature. 

Steam is estimated to flow into a vacuum with a velocity equal 
to that due to a body of the same density, falling through a space 
equal to the height of a column of steam of the given pressun;. 
For instance, it would require a column of steam about 63500 feet 
high, to give a pressure of 45 lbs. upon a square inch. The velo- 
city due to the pressure, may be found by adding 4-29 to the 
pressure in pounds per square inch, and deducting the logarithm 
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0^ tiiifi sum from the logarithm of the pressure. To one-half the 
remainder add 3-3254, and the natural number of this sum will be 
the velocity in feet per second. 

Example, — ^Required the velocity with which steam of 100 lbs. 
pressure would rush into a vacuum ? 

Pressure 100 lbs. whose log. = 2 00000 
and pressure 100 + 4*29 = 104'29 whose log. = 2-01828 

and remainder-r i ) 9-98172 

leaves 9*99086 
to which add 3*3254 



I gives 3*31626 whose 

natural number = 2071 feet per second. 

The difference between the velocities of any two pressures, is the 
velocity with which steam would flow into steam of a lower 
l)ressure. Thus, steam of 120 lbs. gross pressure would flow into 
steam of 20 lbs. pressure, at a velocity of 2079 — 2010 = 69 feet 
per second. 

Such is the estimated velocity of steam, when there are no fric- 
tional obstructions to it« passage ; but, as these are conditions not 
obtainable in practice, the velocity will be reduced in proportion 
to the resistances it has to overcome. In locomotive engines at 
high velocities these resistances are very considerable ; for, with a 
back pressure, from tV *^ i ®^ *^** ^^ *^® boiler, narrow steam- 
ports, incomplete exhaustion, and rapid action of the slide, this 
velocity it is evident must be very materially lessened. Those who 
liave carefully observed indicator cards, will have seen that the 
steam in tlie cylinder, only attains a force near that in the boilen 
when the resistances against the piston, retard its progress until 
such force has accumulated ; but if the resistance does not require 
that force, the piston moves on more rapidly than allows time for 
such accumulation. 

The steam may, therefore, be 100 lbs. in the boiler; but, if 35 
lbs. will overcome the resistances against the piston, including the 
back pressure, the piston will move on with a velocity to prevent 
a greater pressure. Yet if that piston were arrested, even for a 
second, the pressure would equalise itself very nearly in the boiler 
and in the cylinder. This indicates that the velocity of the steam, 
in passing from the boiler to the cylinder, is not so great but that 
the motion of the piston sensibly affects its accumulation there. 
Since 1000 per minute is an extreme velocity for a piston, it leads 
to the conclusion that the actual velocity of steam, in a locomotive 
engine, ia moderate ; but what the exact velocity may be remains 
to be determined by experiments. 

AREA OF POSTS. 

404. In calculating the area of the steam ports and passages, it 
is not necessary that the elastic force of the steam in the boiler 
should bo considered ; for although at the higher pressures the 
velocity of the entering steam will be greater, still the average 
velocity of the escaping, or exhaust steam becomes a constant, and 
with an average velocity of piston, Vn*^ ^^e *''ea of the steam 
cylinder, is considered quite sufficient, and a very general rule ; 
however, marine engines, designed to drive the screw direct, should 
be somewhat increased, in consequence of the greater speed of 
piston. Their ports average from *,th to i^th of the area of the 
cylinder. Locomotive, and other quick speed engines, average 
between Vnth and Vi*^ of ^^^ cylinder's area; and some pumping 
engines, with a very long stroke, are designed so that the area of 



the steam valve, shall not be below ^I'^th that of the steam cylin- 
der. An approximate rule for an average velocity of piston is as 
follows : — 

Bule, — ^Multiply the square of the diameter of the cylinder in 
inches by the length of the stroke in feet ; multiply this product 
by 11 ; divide the last product by 1800 ; and, finally, to the 
quotient add 8. The result is the area of each steam port in 
square inches. 

To show the use of this rule, we shall apply it to a particular 
example. We shall apply it to an engine whose stroke is 6 feet, 
and diameter of cylinder 30 inches. Then, according to the rule, 
we have 

30 = diameter of the cylinder in inches. 
30 

900 = square of diameter. 
6 = length of stroke in feet. 



69400 -M800 = 33 

8 = constant to be added. 

41 =: area of steam port in square inches. 

jRule. — To find tht size of the steam ports for the locomotive 
emjine, — Multiply the square of the diameter of the cylinder by 
-068. The product is the proper size of the steam ports in square 
inches. 

Example, — Required the proper size of the steam ports of a 
locomotive engine whose diameter is 15 inches. Here, according 
to the rule, size of steam ports = -068 X 15 X 15 = *068 X 225 
=: 15*3 square inches, or between 15^ and 15i^ square inches. 

After having determined the area of the ports, we may easily 
find the depth when the length is given, or, conversely, the length 
when the depth is given. Thus, suppose we know the length was 
8 inches, then we find that the depth should be 15*3 -:- 8 = 1*9125 
inches, or nearly 2 inches ; or suppose we knew the depth was 2 
inches, then we would find that the length was 15*3 -r 2 = 7*65 
inches, or nearly 7 J inches. 

Area of eduction ports. — The proper area for the eduction ports 
may be found from the following rule. 

JRule. — To find the area of the eduction ports, — Multiply the 
square of the diameter of the cylinder in inches by -128. The pro- 
duct is the area of the eduction ports in square inches. 

Example, — Required the area of the eduction ports of a locomo- 
tive engine, when the diameter of the cylinders is 13 inches. In 
this example we have, according to the rule, area of eduction port 
= -128 X 13^ = -128 X 169 = 21*632 inches, or between 21J and 
21} square inches. 

Breadth of bridge between ports, — The breadth of the bridges 
between the eduction port and the induction ports is usually 
between f inch and 1 inch. 

AIR PUMP AND CONDENSER. 

405. The stroke of the air-pump piston in many stationary and 
marine engines, is exactly one-half that of the steam piston, and 
the diameter in these cases is found as follows : — 

Rule, — ^Multiply the diameter of the steam cylinder in inches 
by '6. The product is the diameter of the air-pump in inches. 

Example. — Required the diameter of the air-pimip when the 
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diameter of the steam cylinder is 30 inches, and the stroke of the 
air-pump piston one-half that of the steam piston, 30 X *6 = 18 
inches. 

It is not absolutely necessary that the air-pump piston's stroke 
should be eicactly one-half that of the steam piston ; and in many 
marine engines we find sometimes a shorter stroke, with a greater 
diameter, and in others a longer stroke with a less diameter ; but 
in every case the cubical contents of the pump, must average about 
jlh the cubical contents of the cylinder ; and if the temperature of 
the injection water, on entering the condenser, be very high, a still 
greater capacity mu9t be given to the pump ; so that the waste 
water may be drawn from the condenser as it accumulates therein. 

INJECTION. 

The quantity of injection water, necessary to condense a given 
quantity or weight of steam, so that the waste water may never 
exceed 100° Fahrenheit, may be found as follows : — 

Rule, — ^Add the sensible, and latent heat in the steam together, 
and substract the required temperature of the waste water ; divide 
the number foimd, by the difference of temperature between the in- 
jection, and waste water, and the product will be the number of 
times, the quantity of injection water, must exceed the quantity of 
water in the steam. 

Example, — Required how many times the water for condensa- 
tion, must exceed the quantity of water in a given volume of steam, 
at the temperature of 220* Fahrenheit, taking the latent heat at 
1000*^, and the injection water at 50°. 

1000° + 220"— 100° „^ ^ . 

100-^50- = 22-4 times. 

The quantity of water working between these temperatures, must 
therefore be about 24 times, the quantity of water in the form of 
steam ; and to admit this quantity during the time of the engine's 
stroke, when working at the average speed, the injection orifice 
should not be less than I'^th the diameter of the steam cylinder. 

FEED-PUMP. 

406. The cubical contents of the feed-pump, maybe roughly taken 
nt about 770 th of the steam cylinder ; that is, when the cylinder is 
double-acting, and the feed-pump single-acting ; and the following 
rule may be taken with safety for all sizes of engines : — 

Rule, — Multiply the square of the diameter of the cylinder in 
inches by the length of the stroke in feet ; divide the product by 
^0. The quotient is the content of the feed-pump in cubic inches. 

Thus, for an engine whose stroke is 6 feet, and diameter of 
cylinder 50 inches, we have, 

50 = diameter of cylinder. 
50 

2500 = square of the diameter of cylinder. 
6 = length of stroke in feet. 



30)15000 



600 = content of feed-pump in cubic inches. 

SLIDE VALVB. 

407. The terms " lap" and " lead" of the slide arc distinct terms, 
well known amongst engineers, and may be explained thus : When 
the valve face exactly equals the breadth of the port, that is in the 
line of the valve's motion, the valve is then said to have no ** lap; " 
but, when the valve face is greater than the breadth of the port, 
the difference is then termed the amount of " lap," and if the dif- 



ference is very great, the steam will be cut off from the cylinder, 
considerably before the termination of the piston's stroke ; and to 
find how much " lap," or ** cover," must be given to the steam 
side of the valve, to cut off the steam at the required point of the 
stroke, the rule is as follows : — 

Rule, — From the length of the stroke of the piston, substract the 
length of that part of the stroke that is to be made before the steam 
is cut off. Divide the remainder by the length of the stroke of lie 
piston, and extract the square root of the quotient. Multiply tlie 
square root thus found, by half the length of the stroke of the Yalvc, 
and from the product take half the lead, and the remainder will be 
the cover required. 

The " lead " of the slide, is the amount of opening between the 
steam edge of the valve, and its respective port, which, according 
to the size of the engine, and the speed of the piston, varies from 
about I to J of an inch, consequently we must add the lead and 
cover together, to obtain the exact part of the piston's stroke, at 
which the steam will be cut off. 

Rule, — To find at what part of the stroke any given amount of 
cover on the steam side will cut off the steam, — Add the cover on 
the steam side to the lead ; divide the sum by half the length of 
stroke of the valve. In a table of natural sines find the arc whose 
sine is equal to the quotient thus obtained. To this arc add 90", 
and from the sum of these two arcs, substract the arc whose cosine : 
is equal to the cover on the steam side, divided by half the stroke ^ 
of the valve. Find the cosine of the remaining arc, add 1 to it, 
and multiply the sum by half the stroke of the piston, and the 
product is the length of that part of the stroke, that will be made 
by the piston before the steam is cut off. 

RuJe. — To find how much be/ore the end of the ttrokt^ the 
exhaustion of the steam in front of the piston wiU he cd 0/.— 
To the cover on the steam side add the lead, and divide the stim 
by half the length of the stroke of the valve. Find the arc whose 
sine is equal to the quotient, and add 90° to it. Divide the cover 
on the exhausting side, by half the stroke of the valve, and find 
the arc whose cosine is equal to the quotient. Substract this arc 
from the one last obtained, and find the cosine of the remainder. 
Substract this cosine from 2, and multiply the remainder by half 
the stroke of the piston. The product is the distance of the piston 
from the end of its stroke, when the exhaustion is cut off. 

Rule, — To find how far the piston is from the end of its strt^^e, 
when the steam that is propelling it by eapafision is allowed to escape 
to the condens€r,^To the cover on the steam side add the lead, 
divide the sum by half the stroke of the valve, and find the arc 
whose sine is equal to the quotient. Find the arc whose cosine is 
equal to the cover on the exhausting side, divided by half the 
stroke of the valve. Add these two arcs together, and substract 
90°. Find the cosine of the residue, substract it from 1, and mul- 
tiply the remainder by half the stroke of the piston. The product 
is the distance of the piston from the end of its stroke, when the 
steam that is propelling it is allowed to escape to the condenser. 
In using these rules all the dimensions are to be taken in inche^^ 
and the answers will be found in inches also. 

In locomotive engines it is rarely advisable to set the valve with 
less than -^ inch lead, as allowance should be made for the strain- 
ing and wear of the joints and other surfaces of the valve-gear, 
which combine to reduce the lead when in actual work. As some 
engineers, however, rigidly proportion the lead to the travel and 
lap, the standard proportions of 1 inch lap, -^ inch lead, and ^ 
inch travel, may be reduced to general terms. Assuining the 
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travel u unity, and dividing it into lOO parts, the lap and lead 
may be expressed in percentages. Thus, 

Travel, H inches = ff == 100 parts. 

Lap, I inch == |f = 22*2 parts, say 22 per cent' of travel. 

Lead, -^ inch = ^ = 6*94 parts, say 7 per cent of traveL 

Whence the general rule 

The tiayel of the valve being given. To find the lap and lead 
necessary for a maximum admission of 75 per cent, or three-fourths 
of the stn^e. 

BMiefor /ki/y.--Maltiply the travel by 22, and divide by 100 ; 
the resiilt is the required lap. 

Ride for Lead, — Multiply the travel by 7, and divide by 100 ; 
the retttlt ia the required lead 

EXPANSION VALVES. 

408. The expansion or cut valve, is so arranged and wrought 
either by an ecoentric or cam, that the valve will always be open, 
when the engine is on the centre ; and so soon as the piston has 
traveled the required distance, which must be some fractional part 
of the full stroke, such as \^ or }, the valve is then suddenly 
closed, by the revolution of the expansion ecoentric, which is quite 
bdependent of the common eccentric for working the slide-valve, 
and may be altered in relation to the crank at pleasure, so that the 
steam may be cut off at different points. When a cam is em- 
ployed for actuating the expansion valve, it is generally stepped, 
60 as to form three or more different grades ; and by shifting the 
actuating lever upon the different grades of the cam, different 
degrees of expansion are readily obtained. With the common 
slide-valve, it is impracticable to give as much cover or lap as to 
cat off the steam at J the stroke ; but, by the use of a separate 
expansion valve, any degree of expansion can be given correctly. 

The " link motion," and many other modes for regulating the 
amount of cat off at pleasure, are fully explained in many works 
on the steam-engine ; but we think an explanation of these in the 
" Practical Draughtsman '' unnecessary. 

GOVERNOIU 

409. When the governor-balls are revolving at their mean 
velocity, we have only to consider the vertical height of the point 
of suspension, above the horizontal plane i)assing through the 
centre of the balls, and this distance may be found from the fol- 
lowing formula : — 

A = - 



35186 



From which we have the following rule : — 

Utde. — To determine the height of the point of stupension above 
the plane of the baUSf when moving with mean velocity » — ^Divide the 
number 35186 by the square of the mean number of revolutions 
per minute. The quotient is the height of the point of suspension, 
above the plane of the balls when moving with mean velocity. 

Example. — In a particular engine the governor is so connected 
with the fly-wheel shaft, that when the engine is moving with 
average velocity, the upright spindle makes 40 revolutions per 
minute. Required the proper height of the point of suspension, 
above the plane of the balls. 

In this example — 



35186 
"40^ •■ 



35186 
■ 1600 



351-86 



= 21-99 inches. 



"" 16 
so that the proper height is about 22 inches. 



BOILEB. — DDiENSIONB OP THE SEVERAL PARTS OF FURNACES AND 
BOILERS. 

410. Perhaps in none of the parts of the steam-engine does the 
practice of engineers vary more, than in those connected with fur- 
naces and boilers. There are, no doubt, certain proportions for 
these, as well as for the others, which produce the maximum 
amount of useful effect for particular given purposes ; but the de- 
termination of these proportions, from theoretical considerations, 
has hitherto been attended with insuperable difficulties, arising 
principally from our imperfect knowledge of the laws of combus- 
tion of fuel, and of the laws according to which caloric is imparted 
to the water in the boiler. In giving, therefore, the following pro' 
portions for the different parts, we desire to have it understood, 
that we do not affirm them to be the best, absolutely considered ; 
we give them only as the average practice of the best modern 
constructors. 

AR15A OF FIRE GRATE. 

The average practice is to give nearly a square foot for each 
nominal horse-power. Hence the following rule. 

Rule. — To find the area of fire grate, — ^Multiply the cube root 
of the length of stroke in feet, by the square of the diameter in 
inches ; divide the product by 86 : the quotient is the area of fire 
grate in square feet. 

Example. — Required the total area of the fire grate for an engine 
whose stroke =: 8 feet, and diameter of cylinder =: 50 inches. 

Here, according to the rule, 
Total area of fire grate in square feet = 

50^- X V 52500 X2 _ 5000 ___ 

86 - 86 - "86" - ^^ ^®"'y- 
Rule, — To find the total area of the flues or tubes in smallest part. 
— ^Multiply the number of horse-power by 11*2 ; the product is the 
total area in square inches of flues or tubes in smallest part. 

Eacample. — Required total area of flues, or tubes for the boiler of 
a steam-engine, when the horse-power = 400. 
For this example we have according to the rule. 

Total area in square inches = 400 X 11*2 = 4480. 
We may also find a very convenient rule expressed in terms of 
the stroke and the diameter of cylinder. Thus, 
Total area of tubes or flues in square inches = 

11-2 X d^ X K & "_ (P X V ^ 

47 ~" 4 

Rule. — To find the total effective heating surface of marine flue 
boilers. — Multiply the square of the diameter of cylinder in inches 
by the cube root of the length of stroke in feet ; divide the pro- 
duct by 10 : the quotient expresses the number of square feet of 
effective heating surface. 

Example. — Required the amount of effective heating surface for 
an engine whose stroke is = 8 feet, and diameter of cylinder := 50 
inches. 

Here, according to Rule 2, Effective heating surface in square 
feet = 

60« X V 5 2500 X 2 5000 ^^^ 

To — = 10 =-T(r=^^^- 

The total heating surface of flue and tubular marine boilers is 
about the same, namely, about 10 square feet per horse-power. 

Rule. — To find the area of the chimney. — Multiply the square of 
the diameter expressed in inches, by the cube root of the stroke ex- 
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pressed in feet ; divide the product by the number 5 ; the quotient 
expresses the number of square inches in the area of chimney. 

Example. — Required the area of the chimney for an engine 
whose stroke = 8 feet, and diameter of cylinder = 50 inches. 

We have in this example from the rule, 
Area of chimney in square inches = 

50»XK 8 _ 2500 X 2 __ ^^^^ 
5 "~ 5 

Rule. — ^Multiply the square of the diameter of the cylinder in 
inches, by the cube root of the stroke in feet ; divide the product 
by 15 ; the quotient expresses the number of cubic feet of steam 
room. 

Example, — Required the average capacity of steam room for an 
engine whose stroke is 8 feet, and diameter of cylinder 5 inches. 

In this case, according to the rule, 

Steam room in cubic feet = 

52» XV 8 2500 X 2 5000 

15 = "~15 = "15" = ^^^*- 

The constant aim of different engine makers, is to increase the 
amount of the duty ; that is, to make 10 lbs. of fuel exert a greater 
effect than one horse-power ; or, in other words, to make 1 lb. of 
coal, raise more than a quarter of a million of lbs. one foot high. 
To a great extent they have been successful in this. 

Modem practice varies from 2 to 5 lbs, of coal for each indicated 
horse-power per hour ; and the most economical results, have been 
obtained by the use of very high-pressed steam, with great expan- 



sion, in both single and double cylinder engines. Where the ex- 
pansion is very great, every means of preventing any loss of heat 
must be carefully attended to, as it is generally understood that 
steam during expansion converts heat into work. 

SAFETY-VALVES. 

For the sake of safety, the orifices of the safety-valves are com- 
monly '8 of a square inch per nominal horse-power. 

Rule. — Divide the length of the lever by the distance between 
the fulcrum and the valve, and the quotient gives the leverage. 

Given the whole length of the lever 24 inches, the distance 
between the fulcrum and valve 3 inches, the diameter of the valve 
2^ inches ; required the weight put on at the end of the lever, so 
as to have 50lb8. per square inch upon the valve ; also, to divide 
the lever so as to have 40, 30, 20 lbs. <frc. upon the valve with the 
same weight. 

(•J.o) ' X -7854 = 4-9 = area of the valve. 

4*9 X 60 = 245 lbs. whole weight on the valve. 

245 

— T, = 30*625 lbs. = the weight which must be put on at the 

end of the lever to give 50 lbs. per square inch. 

4 9 X 40 
And -57rj:TF- = 6-4 ; then, 6-4x3 = 19-2 inches, the distance 

from the fulcrum the weight must be placed to have 40 lbs. 

24 — 19-2 = 4-8 ; that is, the weight must be shifted in towards 
the fulcrum 4'8 inches to have 40 lbs. per inch ; and for 30 lbs. per 
square inch, move it in 4'8 inches more, &c. 



CHAPTER XIII. 
OBLIQUE PEOJECTIONS. 

APPLICATION OF BULE8 TO THE DELINEATION OF AN OSCILLATNIG STEAM-CTLINDEB. 

PLATE 41. 



411. In geometrical drawing, the planes of projection on which 
the objects are represented, are chosen, when possible, so as to be 
parallel to the faces of such objects ; from which it follows, that 
these are expressed in their exact shapes and dimensions. It often 
happens, however, that certain parts of the machine or apparatus 
to be drawn, are inclined in regard to the other parts, so that all 
the surfaces cannot be parallel to the geometrical planes. The 
projections of the inclined parts are oblique, and, consequently, are 
seen as foreshortened. 

It will be evident that the general method employed in projec- 
tions is applicable to the delineation of oblique projections. But it 
will be necessary first to represent the objects as if parallel to the 
plane of the drawing, so as to obtain the exact proportions and 
dimensions, such views being auxiliary to the production of the 
oblique representations. 

412. Thus it is proposed to represent a six-sided nut, the edges 
of which are inclined to both the horizontal and vertical plane. 

We first of all represent this nut, in Fig. 1, as placed with its 
base parallel to an auxiliary horizontal plane, represented by the 
line, L T, Fig. 3. This gives the regular hexagon, ab c def. 



If we were to make the vertical projection of this prism on a 
vertical plane, parallel to one of the faces, or to a <2, we should, in 
this second auxiliary plane, have the projection of the edges 
abf c d. 

The straight line, l* t^ Fig 3, indicates the line of intersection 
of these two auxiliary planes, when placed in their actual position 
with regard to the nut ; and it is, therefore, the base line of the 
two projections. This line forms, we shall suppose, the angle, 
L 0^ L*, with the base line of the actual drawing in hand, which 
angle, likewise, expresses the amount of inclination of the top and 
bottom of the prism, with the actual horizontal plane ; whilst the 
angle o' 6^ o', formed by the perpendiculars, drawn to each of the 
lines through the point, o*, expresses the amount of inclination of 
the edges and axis of the prism with regard to the vertical plane. 
After this it is merely necessary, in order to obtain the points, 
aS 6\ c», dS to set off to the right and left of the point, o», on the 
line, L^ T\ the distances, o»aS o*d>, and o*6*, oV, respectively equal 
to oa or orf, and gh or ^c, in Fig. 1. Drawing perpendiculars to the 
line, L* t^ through each of the points, a', ft^ c^ <?, and limiting 
them by the lines, o" d* and a' d^^ Fig 2, parallel to the former, we 
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obtam the entire yertical projection of the priffm, as upon the aux- 
iliary plane, parallel to one of the faces, as c 6 in Fig. 1. When 
one of the bases of the nut is rounded, or terminated by a spherical 
portion, which is generally the case, as already seen (183), its con- 
tour is limited by circular arcs, expressing the intersection of each 
face with the sphere. 
I We can then, by means of the two projections, Figs. 1 and 2, 
I obtain the oblique projection. Fig. 4, upon the vertical plane, l t ; 
Fig. 1 giving the widths, the distances of each of the points from 
) the axial line, a d, which passes through the centre, o, and Fig. 2, 
I defining the vertical heights or distances of the various points 

aboTe the horizontal plane. 
I To this end, through any of the points, as c, for example, which 
I is the horizontal projection of the edge, c* c*, Fig. 2, erect a vertical 
hoe, and through the extreme points, c'c' of the former draw a couple 
of horizontal lines, cutting the vertical line in c' and c". The same 
operation is performed with regard to the points, a, b, d, e, and /; 
which are projected in a', b*, d* d', k* e* and f*, in Fig 4. The 
whole matter consists, therefore, in drawing vertical lines through 
each of the points in Fig. 1, and horizontal lines through the 
corresponding points in Fig. 2. The intersections of these lines 
give l^e projections of the extremities of each of the edges in the 
oblique view. Fig. 4. 

If it is wbhed to obtun the projections of the circular outlines 
with minute exactness, it will be necessary to determine, at least, 
three points in each arc ; and as we have the extremities already, 
we only require now to find the middle of each. It is the same 
for the circle representing the central opening of the nut. Its 
oblique projection is necessarily an ellipse, the proportions of 
which are obtained by the projection of the two diameters, m n, 
and p g, perpendicular to one another ; the one, m n, which is 

1 parallel to the vertical plane, does not alter in magnitude, and is 
therefore simply projected in the line, m', n«, in Fig. 4, thus giving 
the transverse axis of the ellipse, whilst the other p g, which is 
/ inclined and foreshortened, is found in the same way as the other 
inclined lines, from the points, ft\ 9', in Fig. 2, and projected verti- 
cally in Fig. 4, on the line p* q\ which is the conjugate axis. 

413. Hie oblique projection of a circle is always an ellipse, the 
transverse axis of which is equal to the actual diameter of the 
circle, whilst the conjugate axis varies according to the inclination 
or angle which the plane of the circle makes with one of the planes 
of projection. The application of this principle will be seen in 
Figs. 5, 6, and 7. The two first of these figures represent the hori- 
zontal and vertical projections resjsectively, made upon the auxiliary 
planes, of a portion of the cylindrical rod, a, of the piston, B, 
working in the oscillating steam-cylinder, c ; and the last. Fig. 7, 
I is the oblique projection of this part of the piston-rod upon the 
I vertical plane, corresponding to that of Figs. 10 and 13, but to a 

much larger scale. 
/ It will be remarked, that the upper part of the fragment of the 
rod being limited by a plane, p 9, Fig. 6, perpendicular to its axis, 
is projected vertically as an ellipse, in Fig. 7, the transverse axis 
m> II*, of which is equal to, m n, or p q, whilst its conjugate axis 
/>* ^, Fig. 7 is equal to the oblique projection of the line, p y, in Fig. 
6. The cylindrical fillets, r Sj tUy &c., of this rod, are projected 
obliquely, as similar ellipses, of which portions only are apparent 
For the torus, or ring, which is comprised between these two 
fillets, the oblique projection is a curve, which results from the 
intersection of an elliptical cylinder, the generatrices of which 
are horizontal, and tangent to the external surface of the torus. 



If, therefore, we wish to determine this curve with great precision, 
we must use the very same method adopted in determining the 
shadow proper of the external surface of the torus (316). In 
practice, however, when the drawing is on a small scale, we may 
content ourselves with determining the principal points in the 
curve, by projecting first the point, v. Fig. 6, situated upon the 
middle of the diameter, y yS of the torus, and drawing through it 
the line, v* r*, equal to the diameter ; and, secondly, drawing the 
horizontal lines touching the external contour of the torus in the 
points, s, z\ Fig. 6, over to z*, z\ upon the axial line, 9', o^ Fig. 
7 ; then draw an ellipse with these two lines, v^ v* and z^ z\ for 
the transverse and conjugate axes respectively. The key, D, which 
passes through the rod, a, being rectangular in section, is projected 
in Fig. 7, by a couple of rectangles, as indicated by the dotted 
projection lines. 

414. Proceeding upon these principles, we can in a very simple 
manner make oblique projections of various objects, more or less 
complicated in form, when we have already the projections of 
these objects upon auxiliary planes, making any known angle 
with the actual plane of the drawing. Thus, Figs. 10 and 13 are 
the oblique projections of an oscillating steam-cylinder, the first 
representing the cylinder in external elevation, whilst the second 
is a section made through the axis of the cylinder. 

It will be seen that these projections have been obtained in the 
same manner as those already given in Figs. 4 and 7 ; that is to 
say, the external projection. Fig. 10, is derived from the two right 
projections, Figs. 8 and 9— one made upon an auxiliary vertical 
plane, parallel to the axis of the piston-rod, and i)erpendicular to 
the axial lines of the trunnions, and the other upon a horizontal 
plane, parallel to the cylinder ends, and, consequently, perpen- 
dicular to its axis. All the different parts of this cylinder are, in 
Fig. 10, projected by straight lines and ellipses, according as they 
are rectillinear or circular in contour. It is the same with the 
section. Fig. 13, and the horizontal projection. Fig. 14, which are 
both derived from the two right projections. Figs. 11 and 12, made 
upon auxiliary planes ; one vertical, and passing through the axis 
of the cylinder, and through the valve-casing, whilst the other is 
perpendicular to this axis, and passes through the line, l— 2, Fig. 
11. The dotted working lines, indicated upon the various figures, 
show with sufficient clearness the various constructions necessary 
to obtain these oblique projections. We have, moreover, applied 
numbers to the different parts projected, and more particularly to 
the axes or centre lines, which show at sight the correspondent 
parts in the different projections. 

415. These drawings represent the cylinder of a steam-engine, 
different from that which we have already described. The pre- 
sent one is called an oscillating steam-engine, because, instead of 
the cylinder being vertical and immovable, it oscillates during the 
motion of its piston, b, upon the two trunnions, e, carried in suit- 
able bearings in the engine-framing. This arrangement of oscil- 
lating cylinder has the advantage of dispensing with the parallel 
motion, and of attaching the rod, a, of the piston, directly to 
the crank-pin, to which its motion is transmitted, without the 
intervention of any connecting-rod. In the head, H, of the 
rod, there is, consequently, formed a bearing, which embraces the 
crank-pin. 

The bottom of the cylinder is cast in the same piece with it, but 
it has a small central opening, for the passage of the spindle of the 
boring tool, by means of which the interior of the cylinder is 
turned smooth and true. This opening is closed by a cast-iron 



164 



{TlfB PRACTICAL DRAUGHTSMAN'S 



cap, y, bolted to the bottom of the cylinder. Against a planed 
face, upon one side of the cylinder, is fitted the valve-casing, o, 
which receives the steam direct from the boiler, and has within it 
the valve, H, which has an alternate rectilliuear movement, at the 
same time oscillating along with the cylinder. During this 
movement, the valve alternately uncovers the ports, a, 6, Fig. 11, 
which conduct the steam to the top and bottom of the cylinder. 
A blade spring, I, attached to the inside of the valve-casing, at the 
back of the valve, constantly keeps the latter well up against the 
planed valve face. 

The steam coming from the boiler introduces itself into the 
casing through the passage, c, Fig. 12, which communicates with 
one of the trunnions, B, and the escape of the steam, when it has 



acted upon the piston, is effected through the exit ohannel, d, 
which communicates with the other trunnion. 

The piston, B, is composed of a oast-iron body, on the outer sur- 
face of which is cut out a groove, to receive the hempen packing, 
I, partly covered by an elastic metal ring. A, fitting exactly into ihe 
inside of the cylinder. i 

Oscillating cylinder-engines have always been admired for their ' 
simplicity and beautiful action ; but it is only of late years, siacc j 
superior workmanship has been attainable, that such engines bare | 
been constructed of considerable size. The aptness of this arrange- 
ment for engines of the largest size was demonstrated by Penn, : 
in the case of the Oreat Britain, and more recently by ScoU 
Russell, in the large paddle-engines of the Qreat Eastern, 



CHAPTER XIV. 
PARALLEL PERSPECTIVE. 

PBIKCITLES AND APPLICATIONS. 

PLATE 42. 



416. The name of Parallel Perspective is given to a peculiar 
method of representing objects according to the system of oblique 
projections. It differs from that described in the last chapter, inas- 
much that the visual rays, hitherto supposed to be perpendicular 
to the geometrical planes, now form a certain angle with these 
planes, remaining, however, constantly parallel to each other ; from 
which it follows that, according to this system of perspective, all 
the straight lines, which are parallel in the object, maintain their 
parellel direction in the picture. Although, in general, it is imma- 
terial what the angle of inclination is, it is nevertheless preferable, 
in regular drawing, to adopt some particular angle as a matter of 
convention, which will have the advantage of giving the entire 
dimensions of the object in a single projection or view. 

Let A B and a^ b\ Figs. 1 and 2, be the two projections of a 
straight line, to which we wish to make the visual rays all parallel ; 
the vertical projection, a b, of this straight line, forms an angle, 
CAT, with the ground line, L T, which angle is, we shall suppose, 
equal to 30°, and its horizontal projection, A^ B*, is such, that the 
distance of the point, aS from the point. A, where it touches the 
horizontal plane, is equal to twice the length, a b, of its vertical pro- 
jection, the point, B, being that at which it touches the vertical plane. 

We shall proceed to show, by means of the various figures in 
Plate 42, that, in taking the above straight lines as directrices 
for the visual rays, a single projection will be quite sufficient to 
express all the dimensions of any object. Instead of making the 
directrices of the different objects, represented in this plate, to 
coincide with the actual projection of the straight lines which we 
have just indicated, we have, by preference, chosen the mere setting 
of these same lines round at an angle of 30°. Thus, the lines, 
e* cP k^ t"*. Fig. 5, are the straight lines perpendicular to the planes 
of projection, set round to the angle in question ; whilst, on the 
contrary, the straight line, y z, represents the projection of these 
lines properly parallel to the horizontal projection, a' b^, in Fig. 2. 

417. The finished view. Fig. 3, is the representation in parallel, 



or, as it is sometimes called, false perspective, of a prism, s, 
with a square base, resting upon a plinth, F, also prism-shaped 
and square. In the first place, we suppose this prism to be re- 
presented in the horizontal projection, Fig. 5, by two coDcentric 
squares, a» d^ e/and A» 4» k I ; and hi the vertical projection, Fig. 
4, by the rectangles, a h c d and g h ij\ These projections are 
made upon the supposition, hitherto acted upon, that the visual 
rays are perpendicular to the geometrical planes. 

If now, on the contrary, the visual rays make with the planes 
of projection an angle equal to that of the given straight line, 
Figs. 1 and 2, each of the faces parallel to the vertical plane con- 
tinues to be parallel to this plane, and is represented by a figure 
equal to itself, whilst all the faces perpendicular to the two planes 
are in projecting rendered oblique, in such a manner, that the lines 
horizontally projected become parallel to A* B*, Fig. 2 ; and those 
vertically projected, to a b. Fig. 1. Consequently, if through the 
points of the projecting angles, a, A, t, /, Fig. 4, are drawn straight 
lines, parallel to a b, they will express the directions of all the 
edges perpendicular to the vertical plane. Since then, as we 
have already stated, the length of the projection, a B, Fig. 1, is 
equal to onehalf the perpendicular, A a\ Fig. 2, if from the points, 
Of ^> h jt <^d on each side of them, we measure off, upon the 
oblique lines just drawn, the distances, a a* and a /• ; h h^ and 
hP; i t», i k; &c., respectively equal to half the lengths, a» m and 
A» «, &c., Fig. 6, we shall, in Fig. 4, have the perspective represen- 
tation of the various straight lines perpendicular to the vertical 
plane ; and as all the other edges are parallel to this same plane, 
such lines as are actually vertical are represented as vertical, whilst 
all lines parallel to the base line remain horizontal. Thus, the 
edges, abfhg,dc, i j, being vertical, are in the parallel perspec- 
tive represented by the verticals, a* 6*, A* g-, i^ f, d' <?; and like- 
wise the edges, a d, b c, h t, &c., which are parallel to both planes 
of projection, are rendered by the straight lines, o* <?, 0* c*, A' t", 
&c., parallel to the base line. 



PRACTICAL DRAUGHT SMAIT 



Fi^.3. 




[EM^^PlLf:! J?| PA^ 



Yig.6. 







ri^.4 





Fi^l8. 





W .. 'c kn^cn/. FattjU/ C'f/lces. 
4/ LircO'ns Jrm/ fUlas Jc Glaus q<7w 



PLATE 42 . 



LL riimyi^iniu 



Fi».9. 




Fi^.l. 




Fi^.l4. 




Fis.lO. 



ri^.i2. 



Fi^.l5. 




V.J rn '*-?r-:'r»'T ^ ^.-.^l •* 



BOOK OF INDUSTRIAL iJESIGN. 



165 



It will be easily seen, that by adopting the angle we have indi- 
cated for the direction of the visual, or more correctly termed, 
representative ray, that the one single view in parallel perspective 
is sufBcient to make known all the dimensions of the object ; for, 
on the one hand, we have the exact widths and heights of those 
faces which are parallel to the plane of the projection, as if the 
perspective view did not differ from an ordinary geometrical pro- 
j jection, in which the representative rays are supposed to be per- 
I pcndicular to the plane ; and, on the other hand, the oblique lines 
I representing all the edges actually perpendicular to the vertical 
plane, and which are exactly equal to half the actual lengths of 
the latter. 

We may here observe, that the base of the prism being square, 

the sides, k P- and / A*, are equal to the sides, h^ i^ I k. Conse- 

I quently, in order to construct the perspective or oblique projeo- 

' tion. Fig. 4, the plan, Fig. 5, is not needed, since it would have 

' answered the purpose equally well to have made the lines, c2> 6> or 

«^ A^, equal to the half of a dork t. 

418. The shaded view. Fig. 6, represents a frustum of a regular 
pyramid, o, resting upon an octagonal base, h, the vertical projec- 
tion of which is indicated by dotted lines in Fig. 7, and in hori- 
zontal projection in Fig. 8. 

According to the principle thus laid down, the parallel perspec- 
tive view, shown in sharp lines in Fig. 7, is obtained, in the first 
place, by drawing all the lines which are perpendicular and parallel 
to the base line in Fig. 8, and passing through the opposite angles 
of each of the octagons, representing the upper and lower bases of 
the pyramidal frustum, and of the plinth. Of these lines, all, a^ 
<P,/* e*, h^ t», &c., which are parallel to the base line, as well as 
the sides, p^ ^S i^ uS v^'x\ which are likewise parallel to the 
former, remain horizontal in the perspective view, Fig. 7, whilst, 
on the other hand, all the straight lines, such as p^ r\ t^ y\ t;» z*, 
as well as the sides, o^/*, h^ /*, »* k^t which are perpendicular to the 
base line, become inclined at an angle of 30° from this line, as 
shown in Fig. 6, or, in other words, parallel to the straight line, 
A B, Fig. 1. 

If now, through the points, a, g, p^ q, &c., and the points A, o, t, 
of the two bases of the pyramidal frustum, we draw parallels to 
the straight line in question, and then mark off from each of those 
points, and on each side of them, the distances, a a\ g g*, p /?■, h h\ 
&C., respectively, equal to the semi-lengths of the corresponding 
straight lines, m a*, n g^, &a, of Fig, 8, we shall have the parallel- 
perspective representation of all these lines *, and consequently, by 
joining the extreme points of each of them, we shall also have all 
the lines representing the contours of the two bases ; and further, 
by joining the angles of these bases, we define the lateral faces, 
and complete the view, as shown in outline in Fig. 7, and shaded 
and finished to a smaller scale at Fig. 6. 

419. The parallel-perspective representation of a cylindrical 
object, of which the axis is perpendicular to the vertical plane, as 
shown in the finished example. Fig. 9, may be determined without 
the assistance of a horizontal projection ; that is, when the length 
of the cylinder is known, as well as that of any other part which 
may be perpendicular to the vertical plane. 

Let ah c dgf «, Fig. 10, be the vertical projection of this object, 
the perspective of its base, alcd, will be parallel to a b. Fig. 1. 
The cu^^les which have their centres at o, being parallel to the 
vertical plane, are represented in perspective by two circles equal 
to themselves ; and their position is obtained by drawing through 
the point, o, the straight line, o* o', also parallel to a b, Fig. 1, and 



marking off a distance, lying equally on both sides of the point, o, 
equal to half the length of the cylinder, measured in the direction 
of the axis, perpendicular to the vertical plane. Then with the 
points, o\ o", as centres, describe circles with the radii, o*/^ and 
0* »*, respectively equal to o / and o %; straight lines,/*/* and f ♦*, 
drawn tangentially to these circles, and parallel to the axis, o* o*, 
express in parallel perspective the generatrices of the two cylin- 
ders forming the contour of the object. The cylindrical pieces 
which join the cylinder to the base are determined in the same 
manner by means of the line, n n«, drawn through the centre, n, of 
the circle, d g, parallel to a b, ^g. 1, or o* o', and by the distances 
n n\ n n', together equal to half the actual length of these cylin- 
drical surfaces. The base being drawn as in the preceding 
example, completes the parallel perspective of this figure, as shown 
shaded and in outline in Figs. 9 and 10. 

420. The example. Fig. 11, represents a cone resting upon a 
cylindrical base, both cone and base having the same axis>perpen- 
dicular to the horizontal plane. This cone and cylinder are pro- 
jected in elevation in dotted lines at Fig. 12, and in plan or hori- 
zontal projection in Fig. 13. 

The circles in Fig. 13, representing the bases of the cone and 
cylinder, are to be divided into a certi in number of equal parts ; 
and through the points of division, 1, 2, 3, &c., perpendiculars are 
drawn to the base line, and are prolonged as far as the horizontal 
line, a* o\ which is the vertical projection of the two bases. 
Through the points, oS b\ c\ o\ are drawn straight lines parallel 
to a B, Fig. 1 ; and on each of these arp set off the distances, a* 2\ 
6* 3*, c* 4*, o* 5*, &c.. Fig. 12, respectively equal to half the lengths 
of the perpendiculars, 2 a, 3 6, 4 e, 5 o, &c.. Fig. 13, which opera- 
tion gives the points, 2\ 3», 4*, 5*, &c., Fig. 12, through which an 
ellipse must be traced, to represent the perspective of the base of 
the cylinder. In the same manner we obtain the points through 
which passes the ellipse, representing the perspective of the base of 
the cone. 

The heights of the cone and its base remain precisely what they 
really are, in consequence of their common axis being parallel to 
the vertical plane ; but this is not the case with their bases, which, 
being horizontal, are projected obliquely, in the form of the ellipses 
we have just drawn. The apex of the cone, at the upper ex- 
tremity of the vertical axis, does not change, and for the genera- 
trices, or sides of the cone, it is simply necessary to draw through 
the apex the straight lines, o* m and o* », tangents to the ellipse 
representing the base of the cone, whilst the generatrices of the 
cylinder are tangents to the two ellipses representing its upper 
and lower bases. 

421. The example. Fig. 14, is the parallel perspective represen- 
tation of a metal sphere or knob, attached to a polygonal base, by 
a circular gorge, forming altogether an ornamental head for a 
screw. In Figs. 15 and 16 are represented the vertical and hori- 
zontal projections of this piece respectively, in dotted and sharp 
lines, as in the other figures. 

We must, in the first place, remark that the sphere, the radius 
of which is o a^ Fig. 15, may be determined in its perspective re- 
presentation in several ways. First, by imagining the horizontal 
sections, a 6, c J, «/, which give in plan the circles, with the radii, 
a* 0*, c* o\ and e* o*, and the perspectives of each of these circles 
may be obtained by operations similar to the preceding, which will 
give a series of ellipses, to be circumscribed by another ellipse, tan- 
gential to them all. Second, by drawing the planes, g A, ij, parallel 
to the vertical plane, and which are projected in perspective as 
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circles, with the radii, 2" ^, « m, the centres being upon the oblique 
line, n n\ parallel to the line, A b, Fig. 1, and passing through the 
•centre, o, of the sphere. The external enrye, drawn tangential to 
all these circles, will be elliptical, as in the preceding method, and 
represent the perspective of the sphere. Thirdly, by at first 
drawing through the centre, o, an oblique line, n n^: then a per- 
pendicular, e 0^, passing through the same point. Then set out 
from the centre, o, and on each side, the distances, o€, oe^, equal 
to the radius, o a, of the sphere, which gives the conjugate axis of 
the ellipse. To obtain the transverse axis, it will be necessary to 
draw tangents to the great circle of the sphere, parallel to the 
oblique ray of projection, A b. Fig. 1, as brought into the vertical 
plane. This line is brought into the vertical plane, as at a' b, Fig. 
1, in the following manner: — ^At the point. A, a perpendicular to 
A b is erected, and the distance, a* A, is made equal to A A^ when 
a' b is joined. 

These tangents touch the sphere in the points, /, /*, Fig. 16, 
which may be obtained directly by drawing through the centre, o, 
the line,//*, perpendicular to A* b. These tangents, further, meet 
the line, n n\ in the points, n n* ; and the distance between these 
points is, consequently, the transverse axis of the ellipse, which 
represents the perspective of the sphere, and which may be drawn 
according to any of the known methods. 

This last method is evidently the shortest and simplest of the 
three for obtaining the parallel-perspective of the sphere, but it is 
confined in its application for any other surface of revolution, as, 
for example, the gorge, which unites the sphere to the hexagonal 
base, cannot be defined in this way. In cases where the axis of 
the surface of revolution is vertical, as in this example, it will be 
necessary to adopt the first general method, which consists in 
taking horizontal sections. When, on the other hand, the axis of 
the surface of revolution is horizontal, we must employ the second 
process, which consists in taking sections parallel to the vertical 
plane, or perpendicular to the axis. The perspective of the 
thread of the screw, of which the sphere is the ornamental head, 
is determinable in a manner analogous to that of a circle. It is 
sufficient, in fact, first to draw the two geometrical projections. 



Ficrs. 17 and 18, of one or two convolutions of the thread, and to 
find the perspectiveB of the very points which have served for the 
construction of the helices. Thus, for example, we put the circle, 
^P9f FJg' IS» iiito perspective, as at i* p* <^, Fig. 15, retaining for 
this purpose the same points, <, p, q, ftc., Fig. 18, which were em- 
ployed in delineating the screw. Fig. 17- Through these points, 
^, j>*, ^f &o., in Fig. 15, draw vertical lines ; and upon them set 
off the distances, /* i", /» /*, j»» jg^, &a, Fig. 17. Then through the 
points, i*, fi, i*, &a, draw the curve, which will be the parallel- 
perspective of the outer helix of the screw-thread. By going 
through the same operation for the inner circle, r $ ^ Fig. 16, we 
shall obtain the similarly perspective outline of the inner helix. 

An examination of the lower part of Fig. 13, will further show 
that the heights on the vertical lines are precisely the same for 
both helices, for they are taken upon radii common to the two 
circles, I* p* ^, and r 8 t, considered as bases. 

We have deemed it unnecessary to enter further into the develop- 
ment of this species of perspective, of which we have already given 
a good general application and highly-finished example, in the 
boring-machine, represented at Fig. 1, Hate 35, in which are col- 
lected most of the various forms which present themselves for de- 
lineation amongst mechanical elements and machinery. 

In that example, as well as in the finished figures forming the 
top row in Plate 42, which we have just been studying, we have 
supposed the representative or visual rays to be in all cases parallel 
to each other, and to be inclined at an angle of 30°, with the 
ground or base line in the vertical projection, in such a manner 
that a single view serves to express all that two, or even three, 
geometrical projections can do, showing not only the external con- 
tours of the objects, but also whatever may be upon their surfaoe. 

The utility of this system of giving, at a single view, a general 
and precise idea of the actual appearance of any object wiU be 
apparent. It is a method of representation often more intelligible 
to the generality of people than a series of geometrical projections, 
and in many cases it will greatly simplify the process of sketching 
buildings or machinery. 



CHAPTER XV. 



ISOMETRICAL PROJECTION. 



PRIMCIPL1E8 AND APPLICATIONS. 



PLATE 43. 



422. Another mode of representing such objects as are related 
to the rectangular parallelepiped, so as to bring three of their sides 
into the picture, is by drawing them according to the rules of 
Isometncal Projection (or Isometrical Perspective, as it is sometimes 
termed) ; and this mode of projection or drawing has the advan- 
tage of allowing every line to be measured by one scale. Professor 
Farish of Cambridge was the first to show, that in projecting solids 
comprised under rectangular faces, that if the projecting rays are 
parallel to the diagonal of a cube having its faces parallel to the 
faces of the solid to be projected, the representation of such solids 
may be made by a common scale without the trouble of actual 



projection, in such a manner that all right angles will be representee! 
in the drawing, either, by angles of 60°, or 120** ; and that all the 
right lines in the drawing would bear the same proportion to each 
other which those of the original object bore to each other respec- 
tively. This mode of representation he termed Isometrical, a word 
signifying " equally measuring." 

423. To proceed to examples : Figs. 1, 2, 3, and 4, represent the 
isometrical projection of a solid cube, as that shown in plan and 
elevation in Figs. 5 and 6, in four different positions, each showing 
three sides of the cube, the other three opposite and parallel sides 
being invisible, fn Fig. 1, the upper horizontal facet A» '^^ ^^ 
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two front yerticftl feces, b and o, are visible, while in Fig. 2, it is 
the under face, a>, along with the same two vertical sides, which 
are seen, or, as it were, having the same projection of the cnbe, as 
that shown in Fig. 1, tnmed half round, or IdO"", on the diagonal 
a cS as an axis. Figs. 3 and 4 are lettered, and supposed to be 
tnmed round, in this way, one-fourth of a circle, or 90", to the right 
and left respectively, showing the two front sides, b and c, as hori- 
sontal, which was vertical in the two first figures, and the side, A, 
as vertical which was horizontal. These four projections of a cube, 
though shaded as solids, can also be viewed, and stand for the pro- 
jection of three sides of the interior of a hollow cube. With a 
slight effort, the eye can make these figures either seem to project 
out from the surface of the paper, or recede beyond it, according as 
the eye is focused for the comer, a, of the representation of the 
cube, at a little distance, on the near, or far, side of the paper on 
which it is drawn. 

It will be seen on reference to Fig. 7, which shows the constmc- 
tion and outline of the isometrical cube as projected in Fig. 1, that 
all the boundary lines of the figure are equal, as well as all the 
sides, that is, both the three anterior faces which are seen, and the 
three posterior ones which are only dotted in, are equal, as well as 
their boundary lines. A cube drawn on this principle is easily delin- 
eated, as it is simply a hexagon, a* b^, be,d d^, inscribed in a circle, 
(Fig. 19, Plate 1 ; 16) completed by drawing the three radii a a>, a h, 
and a d,to the alternate angles, and these will represent a vertical, 
and two of the upper horizontal edges of the cube, as shown in Figs. 1 
and 7. It will be evident, on comparing the several lines in Fig. 7 
with their corresponding ones in Figs. 5 and 6, of which they are the 
isometrical projections, that they are all foreshortened, except such 
lines, or dimensions, as lie and are measured on a plane parallel to 
the plane of projection, which are in this case equcUj both in the 
isometrical projection and in the actual cube. This will be seen 
from a comparison of the lines and measurements, 5 o, b d, oa^ ; 
2 — 2, 2* — 2', and 6* c, h^ o> <?, e o*, taken on the three sectional sur- 
faces in Figs. 9, 10, and 11, which agree with, and are equal to, the 
corresponding measurements in the plan and section Fig. 8, from 
which these isometrical sections are taken, through the lines o a', 
2 — 2t and e o\ respectively, of the largest rectangular-sectional ele- 
vation of the cube parallel to the plane of projection, rp. 

From the foregoing, it will be seen that, when a cube is isome- 
trically projected, as in this case, having one of its longest diago- 
nals, a c^, at right angles to the plane of projection, p />, and as 
shown in Figs. 1, 2, 3, and 4, as one of its greatest rectangles, a e e\ 
a^ passing through that diagonal either vertical or parallel to the 
horizontal plane, all the lines forming the outline of the isometrical 
square faces are foreshortened, and equal to the shortest diagonal 
of the equilateral parallelogram, while that of the major axis, or 
diagonal, is equal to the diagonal across the face of the original 
cube, of which it was the isometrical projection. This will be quite 
dear on referring to Fig. 8, which shows the plan of the cube. 
Fig. 5, reproduced, with its greatest rectangle projected and turned 
round on 1 — 1, Figs. 6, 7, and 8, as an axis, imtil the two opposite 
diagonals, a c\ are at right angles to the plane of projection, p p, 
which here shows as a line, the whole figure being brought into the 
picture as at right angles to Figs. 1 and 7, and shown vertical for 
the convenience of squaring or projecting the several points over to 
Fig. 10, which makes no difference, it being home in mind that 
a Cj the top face of the cube, is parallel to the horizontal plane, and 
a dy the front edge, parallel to the vertical plane, and that the eya 
of the spectator is supposed to be looking in the parallel direction 



indicated by the arrow b. The line t^ a, which is the diagonal of 
the cube at right angles to the plane of projection, pp, is produced 
in the direction of the arrow b, this line b c*, shows the direction of 
the projecting rays of light, which are drawn through all points of 
the cube parallel to this line, and therefore, also, perpendicular to 
the plane, p p. The points c, d o, a\ and <^ o\ being thus pro- 
jected parallel to a <?\ on p p, in c", cP, a', and rf*, respectively, it 
will be seen that the diagonals a c and a^ c*, of the upper and the 
lower faces of the cube are foreshortened into c' c* and c* a', which 
are also the projection of the edges, c c^, a a', while the edge d d^, 
or centre line o o\ is foreshortened into d* d*, on the plane of pro- 
jection p p, and it will be seen at once that, by the simplest pro- 
blems of the first book of Euclid, these lines being all the parallel 
projections of parallel lines, intersected by parallels, are equal; that 
is, as before stated, the isometrical projection d* cP, Fig. 8, or 
d d», Fig. 7, of the edge of a cube, is equal to c* <?', c* a". Fig. 8, or 
c^ c, e* a'. Figs. 7, 9, and 11, the minor or foreshortened diagonal of 
the same cube ; that is, to the radius of the circle, and to all the 
lines forming the sides of the isometrical square inscribed in it, as 
squared over from the plane of projection pj» in Fig. 8, to the 
isometrical section. Fig. 10, being indicated by the same letters 
of reference in this and the foregoing figures. Fig. 10 shows the 
section of the cube through its centre, parallel to the plane of 
projection, (cutting the six sides symetrically,) and producing a 
hexigon, the radius of the inscribed circle being equal to the line 
c^ d^j projected on the line v p, whilst its sides and the radius of 
the circumscribed circle are each equal to 2* — ^2', Fig. 8. 

To find the isometrical radius or side of a square corresponding 
to an edge of the original cube or square, and via versa, the side of 
the actual square from the isometrical square. Let abed. Figs. 
5 and 8, be a superficial square, or one face of a cube ; on it draw 
the two diagonals, a c and b d, crossing each other at o, making 
all the angles at the intersection equal, that is, four right angles, 
and from the points, b and d, on the latter diagonal, draw the lines, 
be,be^; and de^d e*, making angles of 30°, with the line, b d, 
and they will intersect each other in e and e^, on the other 
diagonal a c, the lozenge or equilateral parallelogram, b e d e\ is 
the isometrical representation of the square, a 6 c d, and any of its 
sides, as 6 0, will be the radius of the circumscribed circle in which 
to draw the isometrical cube ; then, (for the converse), let bed e\ 
Fig. 5, be the given isometrical square, and as before, draw the 
two diagonals, b d, and e e^, and produce the latter in the direction 
of c, make half the minor diagonal produced equal to that of half 
the major, that is, make o c, equal to o 6, and join 6 c, then be is 
equal to the actual side of the square, of which, b e, was the iso- 
metrical projection. The proportion of the isometrical radius or 
side of the square to that of the original line or side is, (that is, b «, 
is to 6 a or 6 c), as '8164 to I'O; or in whole numbers, nearly, as 9 
toll. 

If the side, b c. Fig. 5, of the original square be taken as a scale 
of yards, feet or inches, and divided off accordingly, lines drawn 
through such divisions, parallel to c o, as 1, 2, 3, will divide 6 e in 
the same proportion, or into the same number of aliquot parts, and 
make it an isometrical measure or scale of parts corresponding to 
that of the original for all isometrical lines making angles of 30° 
with a line parallel to the plane of projection, as the three longer 
diagonals, b a\ b d, and d a\ of the faces of the cube in Fig. 7, 
and on surfaces making similar angles as those of the sides of the 
cube, (namely, 55° and 125), with the plane of projection ; that is, 
on all the lines which represent the boundary of the vertical and 
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horizontal planes of the cubes in Figs. 1, 2, 3, 4, and 7, and of all 
lines parallel to them, on the same or parallel planes to those of 
the sides of the cubes in these several figures, whether taken as 
solid or hollow cubes. 

If the draughtsman has a plan and elevation of the object to be 
put into isometrical projection, to anything near the scale he 
desires it to be drawn, a pair of proportional compasses may be 
used for taking all measurements on the regular boundary lines of 
the vertical and horizontal planes, or lines parallel to them, instead 
of the isometrical scale just described. 

In practice, however, it will frequently be found unecessary to 
convert the true dimensions into isometrical ones, as the isometrical 
drawing being made on the same scale as the plan and elevation on 
which it is founded, saves much labour, and the deviation from 
strict correctness is attended with little or no inconvenience if the 
actual state of the case is kept in mind. 

At Fig. 12 is shown the isometrical projection of the cube. Fig. 
8, with that of its three planes or faces, till they meet the plane of 
projection, by producing the lines, a c, and a a*. Fig. 8, which 
represent the upper horizontal face, a, and the centre vertical angle 
or radius, a a*, in these two figures until they meet the plane of 
projection, p j?, in p and j), respectively. When these points, and 
the other sides, b, c, and edges or radii, ab, a d, are projected into 
the picture, as at Fig. 12, a triangular pyramid is represented, 
having an equilateral base, p p p, ol which p p is the perpendicu- 
lar, each side of the base is parallel to the longer diagonal of a side 
of the cube, and at right angles to the lesser one, and to one of the 
central radii, which are perpendicular to the plane of projection, 
and corresponding to the plane of section in Fig. 8. 

The lines a p and a j), which represent the upper horizontal face 
of the cube, and vertical radius or front angular edge, and which are 
respectively parallel to the horizontal and vertical planes of pro- 
jection. Figs. 8 and 12, make the angles a p />, and a /) p, with the 
plane of projection p/», respectively equal to 56% nearly,* and 35% 
with their complements a p p*, and a p />», respectively equal to 
125°, and 145% as marked in Fig. 8, It will be observed that the 
angles are the same as regards the projecting rays, only it is the 
sides which make angles of 35*" and 145^, with them, and the angle 
edges which make those to 55* and 125", with the regs. 

Isometrical drawing is greatly facilitated by the use of triangles, 
** angles," or " set squares," one which is much employed is that 
marked D, Figs. 6 and 16, of Plate I., having one right angle, and of 
the other two angles the one is 30'', and the other 60*" ; another set 
square used is that of an isosceles triangle, having two of its angles 
each 30% and the other 120° ; a third angle is sometimes used, 
which is that of an equilateral triangle, having its three angles, 
each equal to 60^. The use of these instruments will be readily 
seen ; they are to be got from opticians, and have usually isome- 
trical scales, cubes, and circles, laid off on one of their faces. 

As simple examples in isometrical drawing, and in the foregoing 
rulee, under cubes, we give Figs. 13 and 14, the inspection and re- 
production of which, as well as that of the other figures, it is hoped 
will enable the student to draw many rectangular and similar 
objects. These examples are necessary to a small scale, but in 
practice it would be better to draw these diagrams to two or three 
times the size of those given. 

In drawing Fig. 13, it is not necessary to go through much of 

* The angles are given in the nearest whole numbers of degrees, as it is, 
though exact enough for general practice, 55^, is some minutes and seconds 
too much, and 35% as much too little. 



the construction described. Draw the vertical line, a a% equal to 
the isobietrical line or side of the square, and let s si be a horizon- 
tal base line or edge of a T — square, then with the angle, d. Fig. 
6, Plate Inlaid on it, make the angles s a} 0\ and s* a* cP, equal to 
30% and make the lines a} b\ and a^ d\ each equal to a a} ; or make 
a^ B and a* b> each equal to the half of the diagonal of the original 
square, then through these points s, or J» and s* or rf», draw per- 
pendiculars parallel to a a*, and through the point a draw a b, a d, 
parallel to a* 6% a* d*, respectively, which will intersect the verti- 
cals in b and (2, through which draw 6 c, parallel to ad, and d c to 
a 6, which will complete the outline of the cube. The two slots 
shown E E, being one-third of the side in width and depth, and in 
the centre of the two opposite sides, the two edges a b, and a d, are 
trisected in 1 and 2, through which points, lines are drawn parallel 
to the boundary lines of the top horizontal face a, also with the 
square and angle o, as all horizontal boundary lines are generally 
drawn with the angles of 60° and 30°, to the vertical and horizontal 
lines of the picture, when it is the longest diagonal of the cube, 
which is perpendicular to the plane of projection, as in this and 
the foregoing instances. The intersection of these lines 1 — 1, 2 — 2, 
give the outline of the end of the slots and perpendiculars drawn 
through ; these intersections at 1, 2, on the left hand vertical side, B, 
and also a short one through 2*, with a short horizontal through 
2% parallel a> d\ completes the whole of Fig. 13. Fig. 14 is drawn 
much in the same way as the last figure, only the edges ab, ad, are 
divided into four equal parts, one of each being taken as the dimen- 
sion of the four comer pillars, and also as the thickness of the top 
slab, which has a concentric square taken out of it equal to two of 
these parts, or one-fourth of the whole area of the top surface. 

424. In drawing isometrical circles (which are always ellipses), 
on planes parallel to the isometrical sides of the cube, as a, b, and 
c in Figs, 1 to 4, with a view to the delineation of columns, wheels 
or cylinders, &c., it is usual either to have the actual diameter of 
the circle required, or the isometrical square in which the circle is 
required to be inscribed, given. Taking the first case, then, the 
following is one of the most simple constructions given by Mr 
Bradley as a means of finding the various isometrical points re- 
quired : — Let a 6, Fig. 15, be given as the actual diameter of the 
required circle, or as the side of an original square in which such a 
circle could be inscribed ; bisect a 6, in o, by a perpendicular 
to it, and produce it on both sides of a 6, and make o A on 
oue side equal to o a, or ob ; join a a, and set off the length of 
the diagonal, a a, each way from o, along a b, produced to c and e, 
from c or e, as a centre with c e, as a radkis describe a segment 
of a circle, and from the opposite points, e or c, with the same 
radius intersect it in B and c, (B and c will fall on the perpendicular, 
A, produced) ; then, bisect the arcs, e b, e c, by lines from <?, they 
will cut, B and o c, in d and /, respectively ; then join ed smd 
e /, and c d e / will be the isometrical square, equal to, or cor- 
responding to, the actual square, having a side equal to a h, in 
which to inscribe the isometrical circle, having an isometrical 
diameter equal to a 6. Through the centre, o, draw parallels, i /, 
k l,to the sides, deor cf, and d c or e/, respectively, and they will 
each be isometrical diameters ; so that their extremities, •*, j, k, and 
/, will give four points in the isometrical circle, while a hne drawn 
parallel to any one of the sides, as c <^, through the points, a and 6, 
will intersect df'mg and A, the extremities of the minor axis, g A, 
of the ellipse, of which a & is the major axis, and which may now 
be by any of the methods given (55 to 59), or inscribed through 
the eight points, a, t, y, A;, 6, /, A, and /, as was required. 
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If, however, it is the isometrical square, cd ef^ Figs. 15 and 16, 
which is given to inscribe the ellipse or isometrical ciicle, then the 
lines, f y, k /, drawn parallel to the sides of this square through the 
centre, o, of the intersection of the two diagonals, c e, df, will be 
j two diameters, and give four points of the ellipse ; make o f on 
half the lesser diagonal produced equal to o c, half of the larger 
diagonal, join c F, and make o a and o b each equal to a half of e f, 
a b will be the major axis of the ellipse, of which a and b will be two 
more points. Lines drawn through a and 6, parallel to the sides of 
the square, will intersect the shorter diagonal, df, in ^ and h, which 
gWes ^ A as the minor axis, and its extremities are other two points of 
the ellipse, which may now be inscribed in the given square through 
the eight points, a, f, ff, k, h,j\ A, and ^ which have been found, by 
isometrical elliptical curves, or moulds, (which are to be had from 
opticians made for the purpose)^ or it may be drawn, approximately, 
from four centres with the compasses ; thus, as seen in Fig. 16, 
join f f, fky and d l,djf these lines will intersect the major axis 
in the two points, m and n, which are two of the centres for drawing 
the lesser arcs at the ends of the major axis ; that is, from the 
points^ m and n, with m t, m /, or » k, n/, as a radius draw the 
arcs, %aj and kb f, then with the other two points, d and /, from 
which the greater arcs of the ellipse is drawn, with dj, d I, or f f, 
/A;, as a radius describe the arcs, / h /, and i g k, joining the lesser 
arcs at the extremities of the two diameters, t j and k I — This 
completes the ellipse, which comes very near to the true curve and 
proportions of an isometrical ellipse. Fig. 17 is an illustration of 
an isometrical cylinder, drawn according to the latter method, and 
shown as inscribed within a cube, which is shown in dotted lines. 

^t can be proved that the minor axis, the isometrical diameter, 
and the major axis, of a circle isometrically projected, are in the 
same ratio as the side, A b. Fig. 18, the diagonal of the face, a c, 
and the diagonal, c B, of a solid cube^ That is, taking A f = y" 1> 
then A G = v^2, and o s = v^3, as is obvious from the figure a o f e, 
being a section through the cube by a plane through the parallel 
diagonals of two parallel faces, A £, being made equal to A B. 

The proportions of the major and minor are to the isometrical 
diameter as follows : — 



ILvorazli. 


Uinoruda. 


Isometrical 


1-225 
2-449 
3-674 


•707 
1414 
2-121 


1 
2 
3 



It will be seen from the above three ratios given that, having 
got the first, any other may be found, as the others are simply 
multiples of the first by the number of units in the isometrical 
diameter. 

The following mode of constructing circles isometrically, without 
going through much of the foregoing construction, or previously 
making the isometrical squares or cubes to inscribe them in, will 
be found useful. Draw the line a b and a d, Fig. 19, at rijght 
angles to each other, and from a, with a 6 as a radius, describe a 
quadrant cutting a eZ, in c, join c b — then with c 6, from a, cut a d, 

* Sach elliptic curves, or templets, are easily constructed by buildiug a 
small cone out of thin slips of wood veneer, and glueing them together with 
paper between them, so as to admit of their being Uken apart, vhen tndy 
turned, which must be done, taking great care that the axis of the cone is at 
the proper angle with tbe plane of the slips of wood, so that the conjugate 
and transverse axis of the ellipses will have the true isometrical propor- 
tion to each other. This method of making curves also applies to those of 
the hyperbola and parabola, taking care to have the axis of the cone parallel 
to the layen of wood in the one case, and the side of the cone in the other. 



in <f, making a d equal to e by and join d b: — Now, if d b 
measure the diameter of a circle to be represented isometrically, 
or side of a square, in which such a circle could be drawn, it will 
be the major axis, and a b will be the minor of the ellipse, while 
c 6, or a d, will be the isometrical diameter, or equal to the side of 
the isometrical square, in which the ellipse, corresponding to the 
original circle, having e? 6 as its diameters. Bisect (f 6 in e, and 
join a e, then a e is equal to half the radius db of the original 
circle. In this way a geometrical scale may be constructed, as 
represented in Fig. 20, from which any two of these three mea- 
surements may be found, any one of which being given. To con- 
struct the scale, draw the triangle abd, Fig. 20, the same as that 
in Fig. 19 ; then if it is from the actual sizes or dimensions of the 
elevation and plan of the objects desired to be delineated in isome- 
trical projection that the draughtsman is working, it is the trans- 
verse or major axis db, or a e, equal to the half of that axis, which 
is divided into the same number of equal parts, or to the same scale 
as that of the original drawing on which the isometrical represen- 
tation is founded. Through these divisions on a e, draw lines 
parallel to the hypothenuse d 6, they will intersect the perpendicu- 
lar a b, and the horizontal line a d, in equal parts, proportional to 
tbe original whole lines. To find the isometrical radius and 
minor axis of an ellipse which would represent an actual circle of 
a given diameter, take half that diameter, or the radius of the given 
circle, with the compasses, and find a measure to which it is equal 
on the line a e, from the point a, then suppose, in this instance, 
that this radius is equal to 10 of the parts or divisions, that is, to 
a 10, oa the ae; then the measurement a 10, on the line a ci, will 
be the isometrical diameter, and a 10, on the line a'&,.will be the 
minor axis of the ellipse, or isometrical circle. Thenj again, if a 10, 
on a d, is equal to the given isometrical diameter, then a 10, on a e, 
will be equal to one-half of the major axis, or the hypothenuse 
10 — 10, will be equal to the whole major axis, and a 10, on a b, 
wiH be the minor axis of the ellipse as in the former instance. 

425. To set off angles on the faces of an isometrical cube, or on 
rectangular planes situated at the same angle as these surfaces, as 
regards the plane of projection, let a b c D, Fig. 21, be the face of 
a cube, divide any of its right angles, as a b o, into degrees, pro- 
ducing the lines to the two sides, a d, and c d, each of these lines 
will thus form a scale of tangents to 45*", terminating at D ; draw 
E, making any angle with o d, and equal to a side of the isome- 
trical square; join D E, and through the division in the line of 
tangents, c D, draw lines parallel to i> £, they will divide the line, 
E, into a Hue of tangents, for the isometrical square, in the same 
proportion as c E of the original line. Figs. 22 and 23 show the 
tangential lines, o d and o e, transferred to one edge, c d, of the 
cube so as to divide it tangentially. The first shows the acute 
angle at b of the top faoe divided, and the second that of the obtuse 
angle at a of the same face, by lines drawn from their respective 
apex to the divisions on the subtending tangents. The three 
radii of the inscribed cube being respectively divided into tangen- 
tial scales of degrees, commencing at their outer extremities, and 
at their inner extremities or centre. Any of the twenty -four iso- 
metrical right angles of the cube may thus be divided into degrees, 
and any angle set off on the faces of the cube with reference to 
their sides, and from either of their ends. Instead of going through 
this constniction, and laying off the sides of each face tangentially, 
a pair of proportional compasses may be used, and the measure- 
ments taken with one end of the compasses from the original line 
of tangents, c d, Fig. 21, and the compasses being previously set 
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to the isometrical proportion, then the size on the other ends are 
transferred to the isometrical side of the square. An ordinary 
sector m^y ho used, Uid along the boundary line with which the 
angle is required to be made. The parallel rulers being laid, to the 
line of the angle required, can then be carried parallel along the 
surfaoe to the particular point through which the angle is required 
to be drawn. 

From the foregoing it will be seen that all measurements made 
on lines, making the same angles with the boundary lines, on the 
same lace, or any plane making the same angle with the plane of 
projection, bear the same proportion as the original measurements ; 
that is, a line of a particular length in the one case is equal to a 
line of the same length in the other ; and also, that all similar or 
equal angles on such similar or parallel planes, as regards the plane 
of projection, are equal, and repFesent equal angles in isometrical 
projection. 

426. In order to divide the circumference of an isometrical circle 
into any number of equal parts, we may juroceed thus : — ^From the 
middle of one of the sides, 6 c, of the isometrical square, abed, 
containing the circle, a b • o d, whose circumference is to be 
divided, Fig. 24> erect the perpendionlar, o e, bisecting b c, and 
making o e equal to o 6, or o c, and join « 6, c ; then from as a 
centre with any radius, nae g, describe the arc, fgh, cutting e b, 
e and e c, respectively, in /, g, and h ; then the arcs, g/aad g h, 
are each equal to one-eighth of a whole circle, and the angles, g «/, 
and geh, each equal to 45^ Divide the arc, gf^ into one-eighth of the 
number of parts required in the whole cifoamference of the circle, 
4 B o o D, and from e draw lines through these divisions, as shown 
in the figure intersecting the line, b b, in 1, 2, 3 ; then from these 
points draw lines to the centre, o, which will divide the arc, B, 
corresponding to one-eighth of the isometrical circle into four equal 
parts. Then to complete the division of the whole circle, it Is only 
necessary to transfer the divisions on b b, or the whole side, b c, to 
the other three sides, commencing at the comers, and having the 
central division coinciding with 0, 0', o' and 0!, respectively ; then, 
as before, draw lines from all these divisions to the centre, 0, and 
the circumference of the inscribed isometrical circle will be divided 
into 32 equal parts or aQgles. By this method, the teeth of wheels, 
&c., may be very readily drawn in isometrical prelection. In a 
similar maimer, such isometrical circles or sqimres may be divided 
into angles of degrees, and any angle found round the centre, 0, 
with any isometrical radius. Divide the «rc,fg A, into 180% and 
lines drawn through these will divide the two lines, b and o c, 
into two tangential lines of 45° to the radius, o ; and these being 
laid off ou the other three sides, as in the last case, will, by draw- 
ing lines to the centre, o, divide the whole circle into degrees. 

This division of the isometrical circle into degrees may be also 
effected by taking the side of the origimil square as the tangential 
line. Thus, produce the side, e d, Fig. 24, in the direction of e, 
then from a as a centre, with a radius equal to the side ef the ori- 
ginal square, draw an ore intersecting c d, produced in E, jcHn a e, and 
upon it construot the original square, a e f o, of which ab edis the 
isometrical representation. Within the square describe the circle 
of which the ellipse, a b d, is the isometrical representation, draw 
also the diagonals, b a, produced in a F and e o, then the intersec- 
tion, B, of these lines is the centre of the square and circle, and a H E^ 
is a right angle, and the arc, ij A, the quarter of the whole circle, 
ij k I Let the quadrant, f j k, be divided into degrees, and 
carried out, as mark in 5% to the line, a e^ then parallel to the sides, 
edE, and 6 a, of the isometrical square, draw lines through these divi- 



sions toad, they will divide the side, a d, into an isometrical scale 
of tangents corresponding to a E, o 0*, and H j, being their respec- 
tive radii, while lines drawn from the degrees on the line, a d, to the 
centre of the ellipse, 0, will divide its quadrant, a 0^ d, into tl\e 
180^ contained by it. In this way any angle may be set off on the 
isometrical circle corresponding to that of the original circle. 

427. From what has been said on the isometrical projection of 
cubes and circles, and from the definition of a sphere (103), it will 
be evident that the isometrical projection of a sphere or globe is a 
circle, whose diameter is equal to that of the original sphere, of 
which it is the projection, or equal to one side of a face of the { 
original cube in which it could be contained or inscribed, and as 
shown isometrically projected in a dotted cube in Fig. 25. Then, 
to represent a ball or globe, b, as resting on the top of the first 
ball, A, or in the centre of the upper surface of the cube containing 
it, a9 shown in this figure, produce the vertical diameter of the I 
ball. A, Of the minor diagonal, a e, of the top surface, abcd^ of | 
the cube, and draw the other diagonal, b d, the point 0, of the | 
intersection of the two diagonals, will b« the point of contact of the , 
ball, b, with that of A, or the face of the cube : — ^Suppose the 
diameter of the second ball, b, is half that of the first, a, 
then from o, on a c, make o o equal to half the isometrical 
diameter of a circle equal to that of the globe, b, to be drawn, 
which will, in this case, be one-fourth of a 6 or a c, these being | 
equal to the isometrical diameter of the globe, A» which is twice that { 
oi b. From as a centre, with a radius equal to half that of the 1 
globe, A, describe a circle ; this circle will represent the globe, b, 
resting on the top of the dotted cube, or the inscnbed sj^ere, i, ^ 
in is(MDQetrical projection, as was required* 

428. If it is required to represent in isometrical projection the 
section of an arc, as cut by a perpendicular plane, mtfking au angle 
of 30^ with the end, proper, of such arc, let a b c zx b, Fig. 26, be 
the end of such arc, isometrically inscribed in a dotted cube ; then \ 
project the horiaontal plane, B o d D' b», through the end horizwital 
diameter, bod, and axis of the arc, o o\ and on the line, d d>, of this 
plane, as a line of tangents, set off D d, equal to 30° (or two-thirds 
of the whole line, d d', which represents 45°) ; join B, d, and b d 
will be the isometrical horizontal diameter of the arc on the 
required plane of section, corresponding ta^ and at the required 
angle with, that of b o i>, on the end, proper, at right angles to the 
axis. A vertical plane passing through the axis of the arc, o 0', 
will intersect the original end plane, and the plane of section 
in two straight lines, a c and c, respectively ecjual to the vertical 
radii on these two planes, giving the point, c, in the crown of the , 
arc, on the plane of section, corresponding to c, on the original end 
plane. In a similar manner, by taking vertical planes parallel to 
the axis, on any vertical lines, as 1 — 2, 3 — 4, &c., cutting the roof 
of the arc, and its horizontal diameter on the original plane, will , 
be obtained similar or corresponding intersections or perpendicukrs, 
V — 2* and 3* — 4», &c., on the sectional plane; thus giving the , 
points, 1' 3S &c., in the roof of the arc on the latter plane, corre- 
sponding to I, 3, &c., on the original plane. A line drawn through 
such points, thus found, on the plane of the section, as, b, o^, c, 
li, 3*, d, e, will give the isometrical projection of the given are, 

A B c D E, on the plane, ab e de, making an angle of 30^ with the 
end face of such arc as was required. 

This method of projecting sections, on olher planes than the 
isometrical plane, from the projections on the latter plane, is^ appli- 
cable to all kinds of parallel cylindrical objects^ and also to sections 
of the sphere, whether hollow or solid. 
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429. Let A B, Fig. 27, be the secttou of a plane on which any 
projection is made, and let it represent any definite measure, say 
ten feet, if a lino, as B c, be perpendicular to a b, it can only be 
represented by a point on the plane of projection. If the quadrant, 
A c, be divided into degrees, then the dotted lines parallel to B c, 
divide the line, A B, into a scale of sines. This scale represents the 
lengths of lines equal to a b at every tenth degree of inclination 
from A to c. If D b be the length of a line parallel to the plane of 
projection, then the several divisions on that line show the measure 
of the projection of any lino of the same length, making an angle 
therewith of any degree numbered thereon. The measure of the 
length of the projection being taken from b, or if a d be the length 
of a line parallel to the plane of projection, then the several per- 
pendiculars, parallel to A D, are the lengths of the projections at the 
several angles, the line, a by being the length of the isometrical 
line. In the two former scales, a b, and 6 b, are the lengths of 
the isometrical projections of the lines, d b, and a b respoctively. 



Fig. 28, on Plate 43, is an example of the application of isome- 
trical projection to the elevation of the pedestal and lower portion 
of a fluted column, and affords a good example of the proper mode 
of treating and shading such an object. 

From what we have said on this subject, and the examples gfiven 
in Plato 43, the student will be enabled to draw a great variety of 
subjects in isometrical projection. This method of delineation, 
although not so generally useful as the ordinary systems of pro- 
jection, will nevertheless be found particularly applicable to the 
delineation of plans, or partial elevations of buildings, farm struc- 
tures, models, fortifications, and other similar purposes. Drawings 
of this kind may be prepared with accuracy and rapidity, and to 
those who are unaccustomed to architectural sections and plans, 
they are far more easily understood. We may therefore regard the 
time devoted to.this branch of study by the student as by no means 
ill bestowed. 



I 



CHAPTER XVL 
TRUE PEBSPECTIYE. 

FUNCIPLBS AND APPLICATIONS. — ^EL£MBNTABT PBIMCIPLB& 
PLATE 44. 



430. Perspective, properly so (Sailed— but hertJ defined as true 
or exact perspective — differs from parallel or false perspective, in 
its being founded upon the laws which regulate vision ; that is, 
instead of being parallel to each other, the visUal rays converge to 
a point An object is said to be drawn in porspective when it re- 
presents the object as having the very appearance which the object 
itself has, when seen from a particular point of view, or point of 
sight, as it is termed. 

The visual rays travel from the object in straight lines, converg- 
ing to a point at the eye, and forming a cone of rays. Let us 
suppose this cone to be intercepted by a transparent plane, or 
diaphn^gm, of any form — then, noting the points where the rays 
from the various parts of the object pierce this diaphragm, let us 
paint lipon it the outline, and complete the picture with colours, 
which to the eye shall have the exact appearance of those of the 
object ittelf, modified, as they may be, by distance, position, form, 
and by their being in the light or shade. After doing this, we may 
remove the object, but the picture upon the diaphragm will make 
the sam^ impression upon the eye that the object would itself. It 
is to the representation of objects in this exadt and natural manner, 
that the art of drawing in perspective is devoted. 

Th<4 fixed point, to which the rays converge, is called the point 
of sight ; and in diagrams explanatory of perspective, it is shown, 
together with the converging rays, as projected into the plane of 
the xnbture. To determine the perspective delineation of an 
object mathematically, we must have given us the horizontal and 
vertical projections of the object ; also those of the point of sight, 
and the position of the plane of the picture ; and the general 
problem of perspective then reduces itself to conceiving the visual 
rays as {>a8sing from the various points of the object to the point 
of sight, and to find the intersection of these rays vrith the plane 
of the picture. 



FIRST PROBLEM. 

THE PEBSPECrrVE OF A HOLLOW PBISIL 

431. Let A^ and A, Figs. 1 and 2, be the vertical and horizontal 
projections of the prism whicb we wish to delineate in perspective, 
the point of sight being projected in v and v>, and the plane of 
the picture, in t and t^ being supposed to be perpendicular to the 
planes of projection, and vertical, as is generally the case, to the 
horizontal plane, or base line, l m. 

Through the point, v, in the horizontal projection. Fig. 2, draw 
visual rays from each of the poirits, A, b, c, d, appertaining to the 
external contour of the prism. The intersection of these points 
with the plane of the picture, T t», determines the points, 6, a, c, 
d, which give, upon the horizontal projection, t o, of the kttei; the 
perspective of the points, a, b, o, d. 

In like manner, through the point, v*, in the vertical projection. 
Fig. 1, draw the visual rays, A» v>, b« v>, b* v«, f« v», intersecting the 
vertical plane, t' o, of the picture in the points, a\ h\J^, and e> ; 
these last being, conseqitently, the vertical projections of the per- 
si)ective of the points, a^ b*, e>, f*. 

From the position given to the plane of the picture, the perspec- 
tive of the object is not visible, since all the points are situated in 
the vertical line, t t», the piano being represented on edge, we 
must therefore imagine this plane to be turned over upon the ver- 
tical line, T» 0, as an axis on to the plane of the drawing ; whilst 
wo must suppose the line, t o, the horizontal projection of the 
picture.plane, as turned about the point, o, as a centre, through a 
right angle, bringing it to cdncide with the horizontel or ground 
line, L M. When this is done, the points, a, ft, c, d, will describe 
arcs of circles, and, finally, w)mcide with the points, a», b\ c*, dh, on 
the ground line. Next, upon these hist erect perpendicuhirs, to 
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meet the horizontals, drawn through the points, a\ (i, ft;/'; the 
points of intersection of these cross lines will be the perspectives, 
a', y, c', cP, of the comers, a, b, c, d, of the top of the prism. Wo 
have, likewise, the points, c', /-, ^, A, for the perspectives of the 
comers of the bottom of the prism, which is parallel to the top ; 
consequently, hj joining all these points together in couples, as 
8ho>vn in Fig. A, we obtain the entire perspective of the external 
outline of the prism. As the prism is hollow, we shall see in the 
perspective view the outline, ij k /, corresponding to the edges of 
the hollowed out part, u k l, in Fig. 2, and obtained in the same 
way as the outer contour, a 6 c c^, just described. 

The point of sight, of which v^ and v are the geometrical pro- 
jections, is projected upon the picture-plane in the points, v, v^- 
and when the picture-plane is tumed over, and round as before 
explained, the point will be found at f^^ which is the position of 
the point of sight upon the perspective drawing. 

It must be observed, that in this example the lines, a^ ¥, a^ dr^, 
and b^ c", which express the perspective of the corresponding lines, 
A B, A D, and B c, are the intersections with the plane of the pic- 
ture, of planes passing through these lines, and through the point 
of sight. Now, since the intersection of two planes is always a 
straight line, the following conclusions may be drawn ; that :-^ 

432. First, Tlie perspective qf a straight line upon a plane is a 
straight line. 

It may also be remarked, that the verticals, such as, fr*/*, c* g, 
<P h, are the perspectives of the vertical edges, projected in the 
points, B, c, D ; whence we deduce that : — 

433. Secondly, The perspectives of vertical lines are verticals^ 
when the plane of the picture is itself vertical. 

It will further be seen, that the horizontals, l^ €^,d? c^tf-g^^hf 
of the perspective view, correspond to the straight lines projected 
horizontally in B c and D c, which are parallel to the plane of the 
picture ; whence it may be gathered, that : — 

434. Thirdly, The perspective of any straight horizontal line, 
parallel to the plane of the picture, is itself horizontal, 

I urther, it follows from the two preceding principles, that all 
lines parallel to the plane of the picture are represented, in per- 
spective, by lines parallel to themselves. 

Finally, the straight lines, a' 6^, <P c*, e*f*, and h g^ which all 
converge to the same point, v^, the projection of the point of sight 
upon the plane of the picture, correspond to the edges, A B, D c, e 
F, which are horizontal, but perpendicular to the plane of the pic- 
ture ; whence it follows, that : — 

435. Fourthly, The perspectives of Unes which arc horizontal, hut 
perpendicular to the plane of the picture, are straight lines, which 
converge to the point of sight, and are consequently foreslwrtened. 

It will be seen from Figs. 1 and 2, that the whole width of the 
perspective representation, Fig. A» i^ comprised between the points, 
h and d, which lie in the outermost visual rays, drawn in the 
horizontal projection ; and that its height is limited by the two 
points, a' and /», which correspond to the extreme visual rays in 
the vertical projection. The angle formed by the extreme visual 
rays is termed the optical angle. In the present example, this 
angle, 5 v </, in the horizontal projection, differs from the angle* 
o* v»/*, in the vertical projection. 

The positions of the object and point of sight being given, the 
dimensions of the perspective representation vary according to the 
position of the plane of the picture. It will thus be seen, on re- 
ferring to Fig. 2, that if this plane be removed from t t* to < P, 
nearer to .the object, the limits to the perspective representation 



by the extreme visual mys will be enlarged ; whilst, on the con- 
trary, if we remove the plane of the picture to the position, t & 
nearer to the point of sight, the limbs will be narrowed. This 
plane of the picture, t» t, is generally placed (as m the several 
figures on this plate) between the actual projections of the object 
and the point of sight ; but when the perspective view is desired 
to be larger than the projections, it is placed on the other side of 
them, and the projection or visual rays produced beyond them 
to it. 

Again, if, in place of moving the plane of the picture, the point 
of sight is removed further off, or brought nearer to the projec- 
tions of the object, the size of the perspective outline will thereby 
be augmented or diminished. It may therefore be concluded, 
that :— 

436. Fifthly, Jlie dimensions in the perspective representation do 
not wholly depend, either on the actual size of the object, or on On 
distance from which it is observed, hut also on the relative distances 
of the point of sight, and of the object from the plane of the picture. 

Thus the sides, d a and c b^ Fig. 2, are actually equal, but the 
former is further from the plane of the picture than the latter ; so 
that whilst this is represented by the space, c^ Ifi, in the perspective 
view, Fig. A, that is limited to the much smaller space, ^ a^ in the 
same view. 



SECOND PROBLEM. 

THE PEBSPECTIVK OF A CTLIITDER. 

Figures 3 and 4. 

437. To obtain the perspective outline of a vertical cylinder, such 
as the one projected vertically in B^, Fig. 3, and horizontally j 
in B, Fig. 4, we proceed, as in the preceding example, to draw 
through the point of sight, v^ y, a series of visual rays, extending 
to the various points, a*, b», c*, d\ e', and a, b, c, d, b, taken on 
the upper end of the cylinder, by preference at equal distances 
apart. These lines intersect the plane, T o, of the picture in the 
points, d, c, a, g, &c., in the horizontal projection, and in the 
points, a*, c^, d}, &c., in the vertical projection. 

By bringing the plane, t t', of the picture, into that of the 
diagram before us, or what is equivalent to it, by finding the points, 
g^, a-, &c., by means of arcs, drawn with the centre, o, on which 
the plane is supposed to turn, and drawing the horizontal lines 
through the corresponding points in the vertical projection of the 
picture-plane, o t\ we obtain the points, c', c^, o*, g^, Ac, which 
are points in an elliptic curve representing the top of the cylinder j 
in perspective, which is visible in consequence of the point of sight 
being above it. 

The same points, a, b, c, d, of the horizontal projection, squared 
up to the base of the vertical projection in V j\ k', V, u\ wheu 
transferred over to the perspective view, gives the perspectives, 
t^ya ^3 j^fn^np q, of the bottom of the cylinder, of which, ob- 
viously, only a part is visible. 

The two vertical generatrices^ ^ Pf g^ p, being drawn tangentiil 
to the upper and lower ellipses, complete the perspective outline of 
the cylinder. Fig. B. The greater the number of points taken in 
the plan, Fig. 4, the more perfect will the ellipses be obttuaed m 
the perspective view, and if from o, the centre of the cylinder per- 
pendiculars, o> o*, were let fall on the extreme boundary or tosgen- 
tial rays, giving the two extreme points, 1 and 2, at which the 
visual rays touched it, and these two points were transferred to the 
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perspective view, along with the other eight, a very perfect ellipse 
could be traced through them, while the two perpendiculars drawn 
through the two points, 1 and 2,- would give the extreme genera- 
trices of the perspective cylinder, and the longest axis of the ellipse. 

As this cylinder is hollow, an operation similar to the preceding 
will be called for in delineating the upper visible edge of the 
hollowed-out portion. 

It must be observed that, in taking an even number of divisions, 
at equal distances apart, upon the horizontal projection of the 
cylinder, and setting them off from the diameter, c ^, parallel to 
the plane of the picture, we have always a couple of points situated 
upon the same perpendicular to the plane, and of which the per- 
spectives are, consequently, situated on the same straight line, 
drawn through the projection, v», of the point of sight. This 
oonxrs with the points, B, D, the perspectives, l^ tP, of which, are 
iitoated upon the line, v^ d*, so that we have a means of verifying 
the preceding construction. 

THIRD PROBLEM. 

THE PERSPECTIVE OF A BEOULAB SOLID, WHEN THE POINT OF 
SIGHT IS SITUATED IN A PLANE PASSING THBOUOH ITS AXIS, 
' AND PEBPENDICT7LAB TO THE PLANE OF THE PICTUBE. 

FlOCBES 5 ASD 6. 

438. Let V and v' be the projections of the point of sight, situ- 
ated in the vertical plane, v o, passing through the axis, o, o^ of 
the solid, c, c^, and perpendicular to the plane, T t^ of the picture. 
It will be seen at once, that in the perspective view, Fig. @, this 
point must be projected on the vertical line, v* v\ representing 
the axis of the object, and in relation to which all the lateral edges 
of the object are symmetrical. Such are the sides, a b and c D, 
which are perpendicular to the plane of the picture, and which are 
represented in perspective by the lines, a* 6* and d* c*, both directed 
to the point of sight, r*. It is the same with the edges, f g, hi, 
of which the perspectives, /» g\ h* f*, likewise converge to the 
point of sight, v*. 

As for the vertical edges, they retain their vertical position in 
the perspective, and the horizontal lines, d a, l m, n k, c b, parallel 
to the plane of the picture, are rendered in the perspective view by 
parallels, such as cP a', /* wi*, n* A*, c* 6". 

It may be gathered from the solution of this problem, that 
whenever the point of sight is in a plane, passing through the 
axis of a regular solid, and perpendicular to the plane of the 
picture, the perspective representation will be symmetrical with 
reference to the centre line, and that it is, therefore, quite suffi- 
cient to go through the constructive operations for one side only 
of the figure. 

FOURTH PROBLEM. 

THE PEItSrECTIVE OF A BEABING-BBAS8, PLACED WITH ITS 
AXIS YEBTICAL. 

FiGUBEB 7 AND 8. 

The point of sight being situated, as in the preceding ex- 
ample, iu a vertical plane, passing through the axis of the object, 
and perpendicular to the picture-plane, the perspective will like- 
wise be symmetrical in reference to the centre line, v^ v^ ; and it is 
unnecessary to notice this property further. The inside of the 
brass being cylindrical, and being terminated by horizontal semi- 
circular bases, the perspective of these bases will be rendered by 



two regular semi-ellipses, of which it will be sufficient to determine 
the axes. The transverse axis, a* o*, is equal to the perspective of 
the straight line, a c, or a c, on the line, T o, which is horizontal 
and parallel to the picture-plane ; and the semi-oonjugate axis, b* d, 
is equal to the perspective of the line, b d, or b* a*, which is also 
horizontal, but is perpendicular to the plane of the picture, and is, 
consequently foreshortened, whilst it coincides with a line passing 
through the point of sight, ©* ; that is, a* 6*, on the line, t» o, 
squared over to rf 6*, on the line, t^ v*. It will be remarked, that 
the transverse axis of the ellipse, corresponding to the upper end 
of the semi-cylinder, is equal to a* c", but that the conjugate axis 
is foreshortened to a greater extent than that, 6* d, of the lower one, 
in consequence of being at a less distance below the point of 
sight. The effect of the perspective, in this case, is well rendered 
in Fig. S). 

FIFTH PROBLEM. 

the PEBSPECTIVE of a stopcock, WITH A BFHEBICAL BOSS. 
FlQURES 9 AND 10. 

439. In carrying out the general principle, it will be seen that, 
in order to obtain the perspective representation of a sphere, we 
should draw through the point of sight a series of rays, tangential 
to the outer surface ; but in order to ascertain the points of con- 
tact of these tangents, it will be necessary to imagine a series of 
planes as passing through the sphere, producing circular sections, 
and then to find the perspective of each of these circles. These 
being found, a curve, drawn to circumscribe them, will be the 
perspective of the sphere. 

In the example, Figs. 9 and 10, the point of sight being still 
chosen as before — that is, as situated in a plane passing through 
the centre of the sphere, and perpendicular to the picture-plane, 
the perspective of the sphere will, on this ffccount, simply be an 
ellipse, having for conjugate axis the base, a h, of the optical 
angle, a v b, on the line, t o, of the horizontal projection ; and for 
transverse axis, the base, c* d^, of the angle, c' v* d^, on the line, 
T^ o, in the vertical projection ; because the right cone, formed by 
the series of visual rays tangential to, and enveloping the sphere, 
is obliquely intersected by the plane, of the picture. If, however, 
the point of sight were situated upon a horizontal line, passing 
through the centre, o', of the sphere, the perspective of the latter 
would evidently be a circle. 

The spherical part of the stopcock is traversed by a horizontal 
opening, for the reception of the key, and the edge, «* /\ of this 
opening, being situated in a plane parallel to the picture-plane, 
will, in the perspective. Fig. E, be rendered by a circle, of which 
the diameter is c*/*, on the plane, t o. Fig. 9. 

As to the cylindrical flanges on either side of the stopcock, for 
forming its junction with a line of piping, the semicircle, a G b, 
is represented by a portion of an ellipse, having the horizontal 
line, a' ^, corresponding to a b ; and the vertical, g^ o*, being the 
perspective of g* 0*. The circle, a h b o, the horizontal projection 
of the surface of the uppermost flange, is represented in the per- 
spective view by a perfect ellipse, as is also the upper visible edge 
of the inner tubular portion. But this is the same as the la^st 
case, or when the line, o v, is not perpendicular to the axis and the 
plane, t' t, it is the same as that described in problem two, and 
the ellipses may be formed in a similar manner. 

The perspective representation of a circle, however situated 
otherwise than parallel with regard to the plane of the picture, is 
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always a perfect ellipse ; but the transverse axis of the ellipse 
does not coincide with, or is not the representation of, any diameter 
of the circle ; for it is evident, that the more distant half of the 
circle must be more foreshortened in the perspective, and must 
occupy a less space than the anterior half, whilst the ellipse is 
equally divided by its transverse axis. 

When the point of sight is in a line perpendicular to the circle, 
the rays from the latter will form a right cone ; and if the plane of 
the picture is not parallel to the circle, the section determined by 
it will be an ellipse, as is well known. Again, if the curcle is not 
perpendicular to the central visual ray, the cone of rays will be 
elliptical, and the sections of such cone will be ellipses, of various 
proportions, that parallel to the circle, however, being a circle. 

The transverse axis of the perspective ellipse is the perspective 
of that chord in the original circle, which is subtended by the arc, 
between the points of contact of the extreme visual rays, as pro- 
jected in the plane of the circle. 

SIXTH PROBLEM. 

THE PERSPECTIVE OF AN OBJECT PLACED IN ANY POSITION 
WITH REGARD TO THE PLANE OF THE PICTURE. 

FlODBES 11 AJID 12. 

In each of the preceding problems, we have supposed one or 
other of the surfaces of the objects to be parallel with, or per- 
pendicular to, the plane of the picture ; but it may happen that all 
the sides of the object may form some angle with this plane. It 
is this case which we propose to examine in Figs. 11 and 12. 

Let A B c D be the horizontal projection of a square, of which 
the sides are inclined to the plane, t t^ of the picture, and of 
which it is proposed to determine the perspective. The point of 
sight being projected in v and V» ; if we employ the method 
adopted in Figs. 1 and 2, we shall find the points, a, h, c, d^ to be 
the horizontal projections, and o^ ft^, c», d", the vertical projections 
of the corners of the square ; and when we have brought the plane 
of the picture, t t^ into the plane of the present diagram, as 
before, we shall find the actual positions of these points to be at 
fl', 6', c\ (P, If we join these points, we shall have a quadrilateral 
figure, of which the two opposite sides, a', h^, c*, rf*, converge to 
the same point, /, whilst the other two sides converge to the point, 
/^ These two points are termed vanishing points. They are 
determined geometrically, by drawing through V, the horizontal 
projection of the point of sight, the straight lines, v x and v t>, 
parallel to the sides, a h and h c, of the given square, and prolong- 
ing these lines until they cut the line, t t*, representing the plane 
I of the picture. Having drawn through v» the horizontal, v* v^ 
I termed the horizontal line or vanishing plane ^ set off the distance, 
V T, from V* to/, and the distance, v T», from v^ to/*, and/ and /» 
will be the rct^uircd vanishing points. 
It follows from the preceding, that : — 

Wlien the sfraujht lines which are inclined to the plune of the pic- 

I ture are para/ hi to each other ^ their perspectives tcill converge in one 

pointy situated on the horizontal line, and termed the vanishing point. 

When several faces or sides, situated in different planes, are parallel 

to each other, their perspectives all converge to the same vanishing 

point, which allows of a great simplification of the operations. 

Thus, the edges of the horizontal faces, H* i* and h* i*, of the 
qutulrangular prism, being respectively parallel to the sides of the 
square, A B o D, arc represented in perspective by the straight 
lines, t^ e'^f i* c*, converging to the first vanishing point,/, and the 
straight lines, i"'* ^, i* ^*, converging to the second point,/*. 



The cone, F», P, which is traversed laterally by the prism, has 
its apex projected horizontally in the point, b, Fig. 12, and verti- 
cally in the point, s*, which, with its axis, appertains to Fig. 11. 
The perspective of the point, 8 8», on the plane of the picture, is 
found, in the usual way, to be at « in the horizontal projection, 
and at s^ in the vertical projection ; and when the plane of the 
picture is brought into the plane of the diagram, these points are 
represented by the points, «» and «*, upon the same vertical, o» «*, 
which is, consequently, the perspective of the axis, o 8*, of the 
cone, and the point, »■, is the perspective of the apex of the cone. 

If we draw the perspectives of the two bases, K L and m n, of 
the frustum of a cone, according to the method already given, it 
will only remain to draw through the point, «•, the two lines, «* m' 
and «■ n», tangential to the ellipses, representing the bases, which 
will complete the perspective of the entire object, as in Fig. F. 

We might amplify, to a considerable extent, the subject of per- 
spective, but this would, possibly, be attended with an evil that we 
are most desirous of avoiding — that of deterring the student from 
entering on the study of perspective from an apprehension of its 
difficulty and complexity. We have, therefore, confined the sub- 
ject to six problems, which, however, involve all the practical 
details which the student will require. In our example plate, i3, 
we have given a good application of true perspective to the com- 
bined working mechanism of a Turret Clock, showing how applica- 
cable this mode of representation is for such subjects, in a pictorial 
sense. Though we have only been enabled to show one general 
application of perspective drawing, representing this machine 
as viewed from a point somewhat above it, and having its sides at 
a considerable angle with the plane of the picture, thus showing 
the top and two sides of the whole machine, which is the usual 
way of viewing or representing such objects. We may, however, 
observe, that for the representation of general or complete views of 
objects, its power is unlimited, and perhaps even for showing 
detail also, did it not add so considerably to the labour of drawing 
them, without a corresponding advantage. A careful perusal of 
this chapter, accompanied with a practical working of the several 
examples, will enable the intelligent student to delineate in per- 
spective objects of a more complex nature, when called upon to do 
so. Perspective drawing is particularly applicable for showing the 
exterior views of large subjects such as bridges, towers, mausoleums, 
cathedrals, mansions, and villas, as weU as that of the interiors of 
large architectural structures, in which it is required to know the 
effect the designs will have to the eye of the spectator when erected or 
constructed. While, to come to smaller subjects, in this eminently 
pushing and advertising age, when the manufacturer of every kind 
must have a first-class perspective view of all the fine designs they 
get up, it has now become almost a necessity for the practical 
draughtsman not only to be acquainted with its principles, but 
even to be an expert perspective artist. So that he may be 
enabled to delineate pictorially examples of architecture, machinery, 
or even more common objects, is an accomplishment which the 
draughtsman will, at times, find of the utmost importance to him, 
particularly where it is desired to bring such subjects under the 
notice of the general public, who are unacquainted with mechanical 
matters, and unable to follow out the connection of parts, as de- 
lineated in ordinary mechanical drawings. Artistic drawings of 
this class would also find a place on the walls of our exhibitions ; 
where treated in any other way, they would be inadmissible, and 
inventors woidd be benefited thereby to an extent little dreamt of. 
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CHAPTER XVn. 
ON ARCHITECTURAL DRAWING. 



PBIXCIPLES — SYSTEMS OF DBAWTNO, AND APPLICATIONS. 



PLATES 45 AKD 46. 



Thk architectural draughtsman, in the higher branches of his pro- 
fession at least, is compelled to carry his operations into a different 
sphere from the mechanical drauglitsman, because the works upon 
which the former is often engaged are connected with art, using 
that term in contradistinction to the more strictly defined science 
of the engineer or of the mechanician. Architecture, indeed, is 0!ie 
of the noblest methods by which man is able to express his aspira- 
tions after the ideal ; and the beauty of his productions is as essen- 
tial an element of his efforts, as their logical fitness, or the strict 
mathematical or scientific disposition of the materials he employs. 
The architectural draughtsman (so far as he is a designer), must 
then be able to express ideas, to excite sympathy, and, as it were, 
to carry the spectator beyond the objects immediately before him 
to their hidden meanings, quite as much as he must be able to 
represent upon paper the modes of execution to be followed by the 
workmen in carrying out his design. Emphatically, the highest 
branch of architectural design is a branch of pure art, and as such 
its principles escape, to a great extent, from critical definitions, or 
absolute rules of a technical or practical nature ; for beauty, which 
has aptly been described as '* the splendour of truth," cannot be 
thus limited by laws, which, being from their very nature limited, 
cannot be universally true. No doubt the ordinary architectural 
draughtsman is, unfortunately, seldom required to exercise the 
higher qualities of his profession ; yet the every -day requirements 
of practical life may, when rightly estimated, serve to induce him 
to acquire the faculties necessary for his higher aims, ani thus 
insensibly to improve his own means of performing ordinary 
duties. It will, therefore, be our object, in the following short 
essay on architectural drawing, at the same time that wo endea- 
vour to explain its technical processes, to show, directly or indi- 
rectly, how those processes may eventually be raised from the 
rank of merely mechanical operations to the nobler one of the 
exponents of a highly-refined art. 

Like all other systems of drawing, architectural drawing, to 
adopt Mr Digby Wyatt's subdivision, may be said to consist (in 
its general acceptation) of two distinct operations, the imitative 
one and the conventional one. The imitative part of architec- 
tural drawing is concerned in the representation of a visible object, 
and its principal use and interest consists in the means it furnishes 
for the record of the works of antiquity, and in the facility it con- 
fers of visibly expressing the anticipated effect of the design the 
artist may have conceived. The conventional part of architectural 
drawing is the one by means of which the various technical pro- 
cesses to be employed in the construction of a building are ex- 
plained to the working men entrusted with its execution ; and it 
is never intended to convey, by the figures so drawn, the probable 
effect the works when executed would be likely to produce upon 
the eye of the spectator. It is requisite that the perfect architec- 
tural draughtsman should be master of both these classes of 
operations ; but as the former of them belongs nearly as much to* 



the painter as to the architect, it is far too often neglected, and 
attention is directed almost exclusively to the latter — ^a fact which 
may explain the common want of pictorial effect in the works of 
so many of the best practical architects. 

Representative drawing comprises {?till to follow Mr D. Wyatt's 
remarks) the various branches of the outline, of shade, and of 
colour. Of these, the former is the most requisite in architectural 
drawing, because the class of objects it deals with habitually 
depend for their effect mainly upon their outlines, and only sub- 
sidiarily so upon their Lght and shade, or upon their varieties of 
colour In the finished drawings of buildings of importance, how- 
ever, it is customary to unite all the various sources of effect, and 
even to follow strictly the laws of perspective in so far as they 
modify the practical appearances of proportion in the details. 
Many of the most eminent architectural draughtsmen, in fact, 
seem to have made their designs at once in perspective, and the 
student cannot be too strenuously urged to accustom himself to 
that practice, on account of the strange modifications of outline 
produced by the ordinary laws of optics, all of which may be pro- 
vided for, or guarded against, by carefully-executed perspective 
drawing. As to the power of representing outline, it is to be 
acquired the most readily, and perhaps the most satisfactorily, by 
a previous course of what is technically called " free-hand draw- 
ing" — ^that is to say, by cultivating the habit of sketching from 
natural objects, from models of architectural ornament, or from the 
human figure, avoiding carefully any resort to the use of compasses, 
straight-edges, or mechanical facilities of any description. The 
efforts of the student should, firstly, be directed to acquiring correct 
notions of proportion in the objects he attempts to represent ; and 
he should only dwell upon details when he has mastered the general 
characteristics of his model. Simple geometrical forms are, for this 
reason, the most desirable objects of study for the beginner ; and it 
is also desirable that he should accustom himself to draw freely 
and firmly straight lines, triangles, polygons, and circles, before he 
attempts to represent the more ornate details comprised within 
those outlines. On the same system, it is recommended that tho 
student should make himself thoroughly master of the power of 
representing plain surfaces, before he attempts to represent solids ; 
and in proceeding to the latter operation, he should be careful to 
render to himself a correct account of all the new phenomena he 
then is brought into contact with. Proceeding in this manner, 
from elementary to composite forms, the student would do wisely 
to accustom himself to sketch buildings actually executed, before 
devoting much time to the attempt to embody his own ideas ; and 
as these various steps in his education, as an architectural 
draughtsman, can be, and ought to be, passed through at an early 
period in his career — at a period when the mind, the eye, and the 
hand can easily be moulded to any habit— it is desirable that th^'s 
" free-hand drawing" should be acquired before attention is turned 
to the more practical conventional portion of his pursuit. Any 

2 B 2 



176 



THE PRACTICAL DRAUGHTSMAN'S 



one who has examined the difference between the conventional 
drawings executed re?j>ectively by men who are able to sketch 
freely, or by those who can only work by the aid of to<^>ls, must be 
conTinced of the absolute necessity for the possession of the former 
faculty by any one who asxHres to the title of an architectural ' 
draughtsman. 

There is no royal road to the acquisition of the power of free- 
hand drawing, nor can any of the books hitherto written upon the 
subject be considered to dispense with the necessity for long prac- 
tice, under the guidance of an experienced tutor. . Harding's 
elementary books on drawing, Ruskin's Elements of Drawing, 
Frank Howard's and Burnet's works upon the elements of dei-ign 
and colour, Piranesi, Tatham, or VuUiamy upon architectural or- 
nament, may all in turn be consulted for advice and instruction as 
to the use of sketching materials, or even for models of the details 
of handling to be adopted But the lessons of a good master, and 
unwearied perseverance on the part of the student, are the real 
constituents bf excellence in this art ; and though the first stages of 
its acquirement may be tedious, it will eventually be found that 
the pleasure arising from the possession of the faculty of sketching 
—of the power of representative architectural drawing — ^is so great, 
that it alone will constitute an exceeding great reward. So fas- 
cinating is this art, in fact, when it has been mastered to a certain 
extent, that there is danger that the student may neglect the study 
of the more mechanical division of architectural drawing, viz., the 
conventional one; for the latter offers but little play to the 
imagination, and tends rather to curb than to develop fancy or 
sentiment. 

Cf nventional architectural drawing, in fact, is that portion of 
the architect's pursuits in which he represents, in a manner adopted 
by a species of tacit convention amongst the practical builders of 
the locality where he may practise, the various works he desires to 
have executed. This manner is by no means necessarily uniform 
throughout the civilized world ; and, indeed, there are very distinct 
differences between the styles adopted re3i)ectively in Paris and in 
London in the preparation of working drawings, so far, at least, as 
the finishing the drawings may be concerned. Engineers and 
architects also treat their drawings in a somewhat different spirit 
from one another ; for the former express in more minute detail 
than the latter habitually do in their drawings, the separate parts of 
their designs, whilst in ordinary cases, architectural draughtsmen 
content themselves with general indications of current works, and 
leave much to the written descriptions of their specifications. The 
difference between the English and the French modes of architec- 
tural design lies mainly in the fact, that the French colour up their 
sections, and make the whole of their drawings more decidedly in 
the representative style than English architectural draughtsmen 
habitually do, and that they indicate, on a very small scale, the 
details we usually reserve for working drawings. The French do 
not make many working drawings, but they are accustomed to set 
out their works at full size upon boards, or upon wall surfaces pre- 
pared for the purpose — a duty usually left, in England, to the 
clerks of the works, or to the foremen of the various trades em- 
ployed. Now, there are advantages and disadvantages in each of 
these respective methods of preparing architectural drawings, some 
of which, perhaps, it would be advisable to combine, or to avoid, 
in forming a kind of eclecticism in this branch of art education. 
Thus, the French method of colouring sections, in which projec- 
tions are indicated by the depths of the cast shadows, tends to 
convert those detailed drawings rather too much into pictures ; and 



it is to be observed that, from their very nature as conventioDal , 
drawing!*, sections arc but ill adapted to such pictorial representa- 
tions. At the same time, a section shaded and coloured somewhat 
upon this system, enables persons who may not have received a pr- - 
fcssional education to understand the probable effect of the finished 
work more easily than a strictly conventional drawing would enaMe 
them to do. Again, the very elaborate manner in which enginecs 
figure their drawings certainly ensures accuracy of execution, but I 
it often complicates the drawings to such an extent as to make 
them confused, and it destroys the artistic feeling of the ornamental 
details in the most effectual manner. In fact, the object of 
architectural drawing of a conventional character, is to represent, 
as clearly as possible, the nature of the work to be executed, and 
to indicate the methods of technical execution it may be requisite 
for the architect to prescribe. Conventional drawings, bearing 
somewhat of a pictorial character, often convey the most success- 
fully the spirit in which the design has been conceived. Rigidly 
conventional drawings convey the most distinctly the mechanical 
and practical details to be followed. The true architectural 
draughtsman will possess, by dint of practice, even if not by 
natural feeling, the tact to know to what extent he should follow 
either of these systems ; the exaggeration of either of them is, per- 
haps, the only thing to be avoided. 

The conventional drawings made for architectural purposes con- 
sit of the plans, elevations, sections, and details. The plans repre- 
sent usually, in what is called a '* block plaii,'^ the general relations 
of the intended structure to the buildings or property around it 
This block plan is accompanied by plans of the different stories of 
the building, in which the relative positions of the walls, parti- 
tions, staircases, doors, windows, passages, openings, Ac, are 
indicated to exact scale, on the supposition that a horizontal plane 
has been drawn through the building, the spectator being supposed 
to look upon this plane from above, and to see every object thereon 
represented without any interference on the part of the laws of 
perspective with the geometrical forms so drawn. The scales 
adopted in these drawings should all be integral parts of the legal 
unit of measure of length adopted in the country where the build- 
ing is to be erected ; and in England it is generally found that the 
scale of tV ^^ ^^ i^-^ ^ *^® ^"^^ (^ ^ ^^^) ^ smskll enough for 
block plans, whilst detailed plans are generally drawn upon the 
scale of ^ or ^ of an inch to the foot (1 in 96, or 1 in 48). English 
workmen, in fact, usually carry " rules" subdivided on the edge to 
these scales, and they are so accustomed to their use, that there is 
found to be inconvenience in the adoption of more arbitrary ones. 
Otherwise there can be no doubt but that decimal scales — or such 
scales as are based on the multiples or submultiples of an unit, 
counted by decimals — are the most generally understood. The 
decimal scales are used by almost all continental nations, and occa- 
sionally by English engineers, who, in that case, adopt the yard as 
their unit, instead of the foot. It is desirable, under these circum- 
stances, that the student should accustom himself to the use of the 
two classes of scales— of the "decimal*^ and of the "duodecimal" 
scales, as they are sometimes appropriately called. The habit will 
be found of use when he is obliged to consult foreign technical 
books on construction, from which so many valuable lessons, and 
so much information are to be derived. 

It is customary to prepare the drawings of the Elevations of a 
building upon the same scale as the one adopted for the plans ; 
and in the case of the drawings to be followed in execution, to in- 
dicate everything in its geometrical dimensions. Attention has 



BOOK OP INDUSTRIAL DESIGN. 



177 



been previously called to the adyantages attending the practice of 
designing important structares in perspective ; and, indeed, it is 
customary, in competitive designs for such purposes, to represent 
one or more of the elevations in such a manner. In the geometri- 
cal elevations, however, the whole of the general features of the 
external design must be represented clearly and intelligibly ; the 
nature of the different materials to be employed must be indicated 
by the use of conventional colours ; the foundations, and the con- 
structive details below the level of the ground-line, should be 
shown in dotted lines, the works not intended to be thus covered 
up should be shown in full lines ; and at times it may even be 
desirable to indicate the projections by means of cast shadows, 
though, as a general rule, working men are likely to be confused, 
rather thah assisted, by the introduction of such shadows. All 
external openings, all door and window dressings, all strings, 
plinths, cornices, columns, pilasters, parapets, balustrades, and 
other ornaments, must be indicated in their true proportions, and 
in their general outlines ; observing, nevertheless, that upon the 
small scale usually adopted in elevations, it is not desirable to treat 
these details in any very elaborate manner, but rather to leave 
them for the working drawings. This is essentially the case with 
respect to Gothic elevations, because the profiles of the mouldings 
are often of so complicated a nature as not to admit of their being 
represented geometrically without the introduction of so many 
dotted lines as to confuse the elevation, and to some extent, also, 
it occurs in classical elevations. If, therefore, the character of the 
ornamental details be generally indicated upon the coloured, and 
the perspective elevations, very slight indications of them upon the 
working elevations, with references to the working drawings, 
will suffice for all practical purposes in the hands of an intelli- 
gent foreman, or clerk of the works. Almost every archi- 
tectural draughtsman, however, has his own practice in this 
matter. 

The general Sections are drawn habitually upon the same scale 
as the plans ; that is to say, to the scales of J or ^ of an inch 
to the foot, and they should indicate the relative heights of the 
different floors, their modes of construction (when the latter do not 
involve anything out of the ordinary practice of trade), the heights 
of the doors and windows, the rise and position of the stairs, the 
position and modes of support of the internal cisterns, the nature 
of the roof, when the latter is not of any remarkable span or mode 
of construction. Should the cornices, the wall decorations, or 
ornamental joinery to be introduced, require any structural ar- 
rangements, these should be indicated upon the general sections ; 
but, for the reasons before stated, it seems hardly advisable to 
represent, on the small scales to which they are drawn, the orna- 
mental details themselves. It is desirable that the sections and 
the plans should all be coloured upon precisely the same system, 
and for this purpose certain colours have been adopted, conven- 
tionally to represent certain kinds of materials. We propose to 
return to this branch of the subject, upon which so much of the 
intelligibility of architectural drawmgs, to be put into workmen's 
hands, depends. It is of course understood that everything shown 
on a section is represented in its geometrical dimensions without 
any attempt at perspective effect. 

The scale and the character of Working Drawings must depend 
entirely upon the nature of the works to be executed, and their 
greater or lesser degree of novelty of design. Thus in carpenter's 
work, if a floor, or a roof, be represented, the general arrangements 
are usually shown, on scales varying from 4 to i an inch to a foot ; 



whilst any peculiar joints, any new system of framing, any iron 
ties, bolts, stirrups, or plates, are shown on larger scales — some- 
times even ''full size," that is to say, of the size they are 
actually intended to have in execution. Sometimes these de- 
tails are even given in what is technically called 'Msometri- 
cal perspective," a species of conventional perspective in which 
the parallel lines do not "vanish;" but although this style 
of drawing may occasionally illustrate some classes of outline of a 
peculiarly complicated form, it is likely to mislead ordinary work- 
men, and should therefore be resorted to on exceptional occasions 
only. The details of joiner's work rarely require to be drawn out 
to scales larger than one inch to the foot, and that scale will almost 
always suffice to convey all the necessary indications of the work- 
ing details of smith's work, masonry, or of the other trades con- 
nected with the execution of the solid parts of a building. 
Occasionally, it is true, that highly-decorated wood pannelling, 
in the style of the wainscoting of the Elizabethan or the 
Renaissance period, requires to be indicated with an amount of 
detail which a workman would not be able to understand, if drawn 
at less than full size ; but in such cases it is preferable to indicate 
the general arrangements by means of drawings on a rather large 
scale, and to leaye the details " to be set out on rods," as work- 
men say, of the actual size of execution. All foliage decorations, 
such as the capitals of columns, ornamental friezes, bands, flowers, 
&o., and all profiles of mouldings, must be drawn by the architect 
at full size ; for these details require in their treatment so subtle a 
knowledge of the laws of optical effects, that they never should be 
left in any manner to the discretion of uneducated workmen. It 
is precisely in the treatment of these details that the architectural 
draughtsman will find that the faculty of free drawing, and the 
scientific knowledge of the conditions which regulate picturesque 
effect, are of the greatest value. The distance from whence the 
detail in question has to be examined, the manner in which it re- 
ceives or reflects light, the character and colour of the objects sur- 
rounding it, all combine to modify the effect it is able to produce 
in an infinity of ways which it is impossible to describe a pnori. 
A long exxH'rience, and deep study, are requisite to complete this 
portion of the education of the architectural draughtsman, in the 
higher branches of his profession at least. 

It may be as well here to observe, that at the present day a very 
influential school of artists has endeavoured to introduce a fashion 
for the imitation of natural objects in architectural ornamentation, 
and that we ourselves consider that there Is so much danger to the. 
interests of true art, in the exaggeration of this principle, that we 
feel it to be desirable to dwell awhile upon what we hold to be the 
correct principles of such architectural designs. Ornament is in- 
troduced in the details of a building principally for the purpose of 
obviating the disagreeable effects which might otherwise be pro- 
duced by plane surfaces ; and it is worthy of remark, that pre- 
cisely in proportion to the sublimity of an architectural composi- 
tion is the latter devoid of ornament The grandest monuments 
of architecture are, in fact, totally devoid of foliage ornament, and 
they depend for their effect upon the rythm, and the harmony of 
their proportions, irrespectively of their details. The attempt, 
then, to introduce a system of ornamentation, based upon repro- 
ductions of natural objects, appears to be founded on the mistake 
of supposing that those objects mighty at some period, have been 
used constructively in the positions they are made to occupy; 
whereas, all true architectural ornamentation, must be of a purely 
conventional character. It is, no doubt, desirable to study the 
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manner in which Natare displays the beauty of leaf, stem, and 
flower ; but there ifl so much of contradiction between the ephe- 
meral grace of natural plants, and the fixed rigidity of stone or of 
metal ornaments, that a literal rendering of such natural objects 
must be out of place in a building. In this instance, as in so many 
others, exaggeration has been allowed to interpose in the adoption 
of a good elementary principle. The architectural designer should 
carefully master the spirit in which Nature has treated the out- 
lines, and the details of foliage, so as to guard against ^y viola- 
tion of the laws regulating them ; but it would be ridiculous to 
introduce imitations of actual plants in positions wherein plants 
could never grow. In addition to these remarks upon the treat- 
ment of foliage ornamentation, it is necessary to warn the 
draughtsman against the introduction of such work in places 
wherein it would appear to interfere with the solidity of a construc- 
tion. Profusion of ornament has always accompanied the intro- 
duction of a debased style of architecture ; and at all times the 
aphorism, that " construction should be ornamented, not ornament 
constructed," is true. The distinct marking of the rustic joints, 
in a large mass of plain masonry is, for instance, far more logical 
than the diapering of the wall surfaces so common in the transition 
mediseval architecture ; and the draughtsman should always bear 
in mind that repose is very frequently as essential an element of 
beauty in an architectural design as elaborate ornamentation can 
be, especially when the latter has been designed upon principles 
which are likely to overshadow the ideal of the structure it is in- 
tended to adorn. 

When the building upon which the architectural draughtsman 
is employed involves novel principles of construction, or details 
of that nature beyond the usual sphere of working practice, 
it is essential to explain them by elaborate working drawings. 
Roofs of large span, groined arches, stone or brick arches of large 
dimensions, especially require to be so treated ; and in many cases 
the temporary scaffolding, the centres, and other methods of prac- 
tical working, must be clearly shown. In treacherous strata the 
methods of foundation must be indicated with the greatest care ; 
and if any particular precautions are required in the beds and joints 
of the masonry of the superstructure, as in the case of lighthouses, 
in the tying-down wells of suspension-bridges, &c., they must be 
shown in detail, nay, often at full size. The construction of floors, 
and the dimensions of girders, may, without inconvenience, be 
indicated by working drawings on a small scale. Iron railings, 
being, in fact, architectural decorations, often require to be drawn 
full size. 

Although it has been assumed, throughout the preceding ob- 
servations, that the drawings, whether of plans, elevations, sections, 
or details, have been made correctly to scale, and although the 
architectural draughtsman mcy have added scales to all his draw- 
ings, it is desirable, wherever it is possible so to do, that the real 
actual dimensions the works are intended to present should be 
indicated in figures. It is generally understood that the figures 
so given are to be followed in preference to the dimensions ascer- 
tained by the use of the scale, and that the dimensions marked or 
shown on detailed drawings are more binding upon the constructor 
than arc the figures or dimensions on general plans. When the 
drawings are — ^as is usually the case — accompanied by a written 
specification or description, it is also understood that the indica- 
tions therein given are to be followed before, or in preference to, 
those given on the drawings, whether general or detailed. It 
behoves the draughtsman, therefore, to exercise great care, in order 



to avoid any discrepancy between the various documents thus 
placed in the workmen's hands ; the figures placed upon the draw- 
ings must likewise be so placed as not to confuse or interfere with 
the effect of the latter. The only essential condition to be observed 
in this matter is, that no room should be left for misapprehension 
of the draughtsman's intention. 

We have already given examples of the conventional colours 
ordinarily used, in Plates 10 and 33 ; but in reference to architec- 
tural drawing more particularly, we may add the following : — 

1. Ground, unless when it is desired to indicate the special 
nature of the strata traversed, is represented by a shaded and varia- 
gated tint of sepia, or of Indian ink, with occasional plays of pink, 
yellow, or blue. The upper surface should be uniform, the lower 
parts of the section may be lighter, and with more of a picturesque 
effect, provided it do not interfere with the important parts of the 
drawing. 

2. Concrete is represented by a uniform tint of burnt umber of 
rather light tone, dotted with a much darker tone of the same 
colour tolerably evenly over the surface. 

3. Brickwork is represented, in section, by a tint of carmine ; in 
elevation, by a light tint of burnt sienna, shaded by light tints of 
Indian ink, or of a warm neutral colour. 

4. Stone is represented, in elevation, by a flat tint of yellow 
ochre, and in section by a tint of carmine, hatched with inclined 
lines of a darker tint of the same colour. 

5. Wood, in elevation, is represented by a light tint of gamboge; 
in section, by a tint of the same colour, hatched with lines in dark 
burnt sienna. 

6. Oast-iron is represented by a tint of indigo. 

7. Wroughtiron is represented by a tint of Prussian blue. 

8. Slat^ is represented by a tint of Payne's grey, or by a neutral 
tint having in its composition a dash of carmine. 

9. Lead is represented by a cold neutral tint, of rather a darker 
shade than the slate. 

10. Plaster is sometimes represented by a very light, cold, 
neutral tint, but, perhaps, more often by a light tint of burnt 
umber laid uniformly over the surface. 

Two Plates, 9 and 29, have been given for the purpose of illus- 
trating the style in which the simpler, and the more compli- 
cated, architectural designs are usually represented in uniform 
colour, though of slightly different tones. Plate 45 is given as 
an example of the mode of treating bridges. Although bridge 
architecture is susceptible of the greatest possible degree of artistic 
beauty, it is a melancholy fact, that the majority of modem struc- 
tures of that description are as ugly as it is possible to make them. 
The Kieff Bridge has, therefore, been selected " to point the moral" 
of this censure. It is a work which consistently expresses the 
ideal qualities we are entitled to expect in a bridge, and it does not 
suggest any ideas of another character ; at the same time its out- 
line is elegant, its details simple and effective; indeed, it is 
essentially trtte throughout. This is the greatest praise that can 
be awarded to any artistic production ; and truth should be the 
great object of the architectural draughtsman, whether he adopt as 
his mode of visible expression the representative or the conven- 
tional branch of his art. 

The suspension bridge over the river Dnieper, at Kieff, Southern 
Russia, by C. Vignalles, engineer, is represented by our Plate 45. 
Fig. 1 is a general elevation of the complete bridge ; Fig. 2 an 
enlarged elevation of one of the river piers ; Fig. 3 a transverse 
section at the centre of one of the spans ; and Fig. 4 a partial plan 
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and horizontal section of the same. This bridge has six openings, 
in the suspension portion of its length, consisting of four large 
openings of 440 feet, from centre to centre of the piers, and two 
smaller side openings of 225 feet, measuring from the faces of the 
abutments to the centres of the piers ; there is also a swivel-bridge 
on one side, of 50 feet span, for the purpose of navigation. The 
total length of the bridge is 2562 feet, and the clear water way is 
2140 feet at the highest floods. At ordinary summer level, the 
platform is 30 feet above the water line, and its extreme width is 
52 feet 6 inches. The floods in spring usually rise 20 feet, and in 
summer the greatest depth of water in the navigable channel is 
40 feet. The extreme height, from the deepest foundation to the 
top of the caps of the suspension towers, is 112 feet. The forms 
of the cut waters are more particularly shewn in the enlarged plan, 
i Fig, 4. 

The chord of the chains of the large openings, clear of the 
towers, is 416 feet, and their versed sine is 30 feet ; their minimum 
sectional area, excluding pins and overlaps, is 328 superficial inches. 
They are four in number, two on each side of the roadway. The 
total weight of the platform and rods, clear of the towers, is 2350 
tons ; the total weight of the chains is 1578 tons, of which 1076 
tons are suspended clear of the towers, so that the total suspended 
weight is 3426 tons. The test weight, or proof load, was fixed at 
63 lbs per foot superficial of the bridge ; but as the sand used for 
that purpose had become saturated with water, the load actually 
applied was not less than 3000 tons. 

The Eieff Bridge was commenced in April, 1848, and was opened 
on 10th October, 1853. It cost £432,000. 



ENGINE AND BOILER-HOUSE. 
PLATE 46. 

To illustrate the manner in which architectural drawings are 
generally finished, we give an example in our Plate 46, which re- 
presents an engine and boiler-house erected on one of the affluents 
of the Thames. ' Figs. 1 and 2, Plate 46, are west and east eleva- 
tions of the engine-house, boiler-house, and chimney -shaft and con- 
necting flue. Fig. 4 is a longitudinal section of the engine-house, 
and Fig. 5 a complete plan of the whole. 

There is nothing remarkable in the structure thus illustrated, 
so far as its sesthetical merit is concerned ; but the practical details 
it involves embraces, on account of the peculiarity of the site, 
almos^t every branch of the constructive arts essential for the sta- 
bility of a building exposed to violent dynamical eflfbrts, and 
erected upon a bad foundation, which in this case consisted of com- 
pressible peat and alluvial matters of about 30 or 40 feet in thickness. 
The engine-house encloses a double cylinder 40 horses-power 
engine (working nearly up to 80 h.p.); and the chimney was built to 
a great height on account of the peculiar form of the valley in which 
it is situated. The system of foundation adopted for the chimney 
and engine-house is piles and planking embedded in concrete, 
whilst the boiler-house is established upon a solid bed of concrete 
without piles. Under the chimney the piles were driven as fol- 
lows : — Swedish fir-baulks, 10 X 10, were placed so as to form 
nearly a close sheeting round the edges of the proposed bearing 
surface, and, after these piles had been driven, the intermediate piles 
were inserted at the distances indicated in Fig. 3, Plate 46. Cross- 
sleepers were tenoned upon, and across the head of the piles, and 
upon which 2} planking was firmly spiked. The heads of the piles 



being surrounded with concrete before the sleepers were placed, as 
also being well supported by concrete, careftdly rammed round 
them, before the planking was laid ; then the whole of the wood 
work was finally embedded in hydraulic concrete so as to prevent 
the access of moisture to it, as well as to maintain the perpendicu- 
larity of the piles under the superincumbent load. The engine- 
house was piled on the same system, and in both cases care was 
taken to drive the outer rows of piles first so as to compress the 
ground around those of the interior— the length of each was 
about 22 feet. Under the boiler-house, the groimd was found 
rather firmer than that under the seating of the chimney and engine- 
house, it was therefore decided that a bed of concrete, 5 feet thick, 
would suffice to distribute the weight with safety, and these foun- 
dations have succeeded admirably. 

The superstructure was designed as simple, but as substantial as 
possible, the only attempts at ornamentation being the execution 
of the arches in bricks of a lighter colour than the ordinary wall- 
ing, and the introduction of stone cornices to the engine-house, the 
base and capital of the chimney, and the sills of the windows. The 
outline of the chimney was made to present the regular entasis of 
a Roman Doric column, so far as the relative height would allow ; 
but perhaps it would be worth while here to remark, that the sys- 
tem followed in this instance, of making the interior diameter as 
nearly as possible uniform, has a tendency to retain the smoke 
about the outlet. The construction and form of the tank over the 
engine-house is sufficiently indicated by the elevation and details, 
which also show the position of the hoisting beams inserted for the 
purpose of facilitating the erection and repairs of the steam-engine. 
The floor supporting the tank is Russian timber, and the scantlings 
chosen with reference to the ordinary trade dimensions of the 
respective materials. 

fn the working drawings usually prepared by architects, it is not 
customary to indicate so many of the details as are shown in this 
plate ; but long experience has, however, convinced us that their 
careful preliminary study, and their clear conventional indication, 
ultimately saves both trouble and time -, and we therefore earnestly 
recommend the student to follow the system on which this design 
has been worked out. 
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Flour mills being one of the most important and universal ap- 
plications of machinery and gearing generally, we have thought it 
necessary to give this Plate and description of a large and very 
complete mill of this class as a sequel to the mechanical depart- 
ment of the body of this work. This mill is an excellent example 
of French engineering and millwright work, and shows many good, 
and, to the English student, novel arrangements connected with such 
mills. This Plate, 47, is the representation of the machinery of a 
flour-mill, in geometrical projection, driven by belts, and as fitted 
up by M. Darblay, at Corbeil. 

The construction of flour mills has latterly undergone very 
important improvements, as well in reference to the principal 
driving machinery, as to the minor movements, and the cleaning 
and dressing apparatus. As such machinery belongs to a most 
important class, we have selected a mill, as an illustrative example 
of the subject before us, giving all the recently improved modifi- 
cations now at work, both in this country and on the Continent. 

2 B 3 
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Before the introduction of what is known as the American sys- 
tem, very large uncovered millstones, of upwards of six feet in 
diameter, were employed; and these gave what were then con- 
sidered very good and economical results. These flour mills were 
worked by water-wheels or wind-mills ; but as improvements have 
gradually been introduced into this class of machinery, not only 
was the entire internal mechanism changed, but also the motor, 
and the description of stones. The American flour mills, com- 
monly known on the Continent as English mills, differed from the 
older mills in the employment of smaller stones, with furrowed 
surfaces, and in their being driven at a much greater speed, 
requiring, in consequence, more wheel-gear to bring up the speed. 
A mill on the old system, with large stones of six feet in diameter, 
ordinarily goes at the rate of 55 to 60 revolutions per minute, 
being moved, we shall suppose, by a water-wheel, making 10 or 12 
turns in the same time. Such a mill will only require a large 
spur-wheel and a lantern-wheel ; or better, a large bevel-wheel 
and a bevel-pinion, in the ratio of 5 or 6 to 1. 

But a modem mill, in which the stones are generally 4 feet in 
diameter, should make 115 or 120 revolutions per minute ; whilst 
it may be impelled by an overshot water-wheel, making only 3 or 
4 revolutions per minute ; so that it is necessary to employ mul- 
tiplying gearing between the power and the work. When this 
multiplication is obtained by gearing, two or three pairs of wheels 
are generally employed. The essential features of this gearing, 
consisting of a largo horizontal spur-wheel, driving a spur-pinion 
on the mill-stone spindle, have recently been superseded, in many 
instances, by belt and pulley gearing. This arrangement has the 
advantage of rendering the motions more smooth and steady, with 
less vibration and noise, whilst it also admits of an easy arrange- 
ment for the stoppage of a single pair of stones, without stopping 
the prime mover and the whole mill, which is a very essential 
point, more particularly in a large and important mill, where 
many pairs of stones are at work. 

Plate 47 represents a mill of this description, driven by belts, 
comprising 10 pairs of stones, placed in two parallel rows. The 
establishment contains several sets of stones, arranged in this 
manner, and each set of mills is driven by a hydraulic turbine, 
on Foumeyron's system. 

Fig. 1 is an elevation, prolonged as far as the vertical shaft of 
the turbine, and showing part of the gearing at that end in verti- 
cal section. Fig. 2 is a transverse vertical section, taken at right 
angles to the horizontal driving-shaft, or to that of Fig. 1, and 
corresponding to it. Fig. 3 represents the plan of a portion of the 
principal gearing, and one of the rows of stones, and corresponds 
also to Fig. 1. 

At A, in Fig. 1, is represented the upper end of the vertical 
wrought-iron shaft, upon which the turbine is fixed lower down. 
This shaft is supported by a step-bearing at its lower extremity, 
and in a brass collar bearing, a, at its upper end ; this bearing 
being in two pieces, adjusted in the top of the hollow pillar-frame, 
B, resting upon the foundation-plate, and also bolted by a bracket- 
piece to the cast-iron pedestal, D, of the bearing, which carries the 
end journal, 6, of the main driving-shaft, E. 

This shaft, E, has fixed upon it, in the first place, the bevel- 
pinion, F, with strong thick cast-iron teeth, driven by the hori- 
zontal cog bevel- wheel, o, and keyed upon the top end of the 
turbine-shaft, a. This shaft is connected by a coupling-box, c, 
to a wrought-iron shaft, c, which passes up to the higher floors 
of the building, where it serves to drive the various accessory 



apparatus of the mill, such as the sack-hoists, pressiug, washing, 
dressing machines, endless-chain elevators, &c. At each floor, 
the shaft is supported by a collar-bearing, like that shown in 
section at d, in this figure. 

The horizontal shaft, e, which drives the two rows of stones, is 
in several lengths, joined together by cast-iron couplings, as at e, 
and it is supported at different points of its length by the pedestal- 
bearings,/, seen in all the figures, each with its oil-receiver at the 
top, is bolted down to the bases, or strong sole-plates, of the 
arched cast-iron standards, h, all of which are firmly secured to a 
strong wall of masonry below. These standards, h, are formed 
into receptacles at their tops, to receive the brass footstep-bearings 
and steel pivot-pieces, to support the lower case-hardened extre- 
mities, g, of the vertical shafts, i. An adjusting-screw, i, is intro- 
duced from below, to raise the bearing when necessary ; and the 
upper journal of the shaft revolves in the inverted cup-bearing, j, 
the bracket of which is bolted to the cross beams of the ceiling. 

Each of the vertical shafts, z, has keyed upon it a bevel-pinion, 
K, as well as two horizontal pulleys, l, of the same dia- 
meter. The pinions gear with the wooden-teethed bevel-wheels, 
K*, keyed upon the horizontal driving shaft, e ; and the pulleys 
aro-put in conmiunication by means of tho leather belts, A, 
with other similar pulleys, l^, of the same diameter. These 
last are each keyed upon the shaft or spindles of a pair of 
stones, u. A tension-pulley, n, upon a short vertical spindle, 
supported by the two arms of a second vertical spindle, o, 
serves to stretch the belt of each pair of stones to the requisite 
degree of tightness. For this purpose, a lever, k, is fitted to the 
vertical spindle, o, and to its free extremity is attached a cord, 
passing over a couple of guide-pulleys, /, sustaining a small 
weight, m. Thus, in the position given to each of the levers, h, 
in the drawing, the weights are supposed to be acting ; and the 
belts are, consequently, in a stretched state, and the motion of the 
pulleys, L, is communicated to the pulleys, l>. But if the weighti 
be lifted up, so as not to act, the levers, A;, will be set free, and 
also the tension-pulleys, N ; and the belts will be slack, so that the 
motion will no longer be communicated, and the pulleys, l*, and 
consequently the pairs of stones, will be stopped. The vertical 
spindles, o, are supported in bearings, carried by cast-iron brackets, 
p, bolted to the under side of tho cross-beams. The tension- 
pulleys can thus assume various positions, whilst their supporting- 
arms vibrate upon the vertical spindles, o. In order that the 
belts may not fall when they are slack, iron-guides, n, are placed 
at intervals, attached to vertical rods, o, depending from the 
ceiling. 

As the millstone shaft, or spindle, may be either made of cast or 
malleable-iron, its lower end is fitted with a case-hardened or steel 
step, which revolves upon a steel pivot-piece, q, adjusted in the 
bottom of a brass footstep-bearing, shown detached and enlarged at 
Fig. 4, which is itself contained in a cylindrical cast-iron cup, r, 
carried by the box, n\ formed in the casting, pK which surmounts 
the solid masonry, o^ upon which the entire framing of the mill is 
supported. Screws are introduced through the sides of the foot- 
step-bearing receptacle, by means of which the centre of the shaft 
is adjusted; whilst the shaft is adjusted vertically, and, conse- 
quently, the distance between the stones, by means of the screwed 
spindle, «, Fig. 2, which has a small spur-wheel, i, keyed upon it, 
with which a small pinion, v. Fig. 1, is in gear, this last being 
actuated by the handle, v, upon its vertical spindle. By turning 
this handle to the right or the- left, the small wheels are set in 
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motion; and as the screwed portioD of the spindle, «, cimnot 
otherwise turn, it is forced to rise or fall, and with it the bearing 
and footstep of the millstone shaft. It is in this manner that 
the pitch, or distance, between the two stones is adjusted with all 
desirable precision, according to the kind of work required from 
the stones. 

The upper end of the millstone shaft is also steeled case-har- 
dened, and is entered a certain distance into the boss of the centre- 
piece, or rhind, w, Fig. 3, which is fixed across the eye of the 
upper stone, or runner, q, and firmly imbedded into the stone at 
either side. On the top of the boss of the centre-piece, to, is a 
species of metal saucer, into which dips the lower end of the pipe 
which conducts the grain down from the funnels, r, generally 
made of copper. These funnels, which receive the grain, communi- 
cate by the pipes, y, with a single hopper above, and they rest upon 
the wooden cross-pieces, s, held down on the one side by a hinge, 
z, and on the other by a vertical iron rod, z\ by means of which 
they are raised or lowered at pleasure, so as to set the bottom of 
their pipes at a greater or less distance above the bottom of the 
saucer below. The object of this arrangement is to allow more or 
less grain to enter between the stones. The supports of the cross- 
pieces, 8, are fixed upon a wooden casing, t, which covers each pair 
of stones, a space being left inside all round the stones, into which 
the produce of the grinding falls, as it issues from between the 
stones. It is thence conducted, by suitable channels, either to 
receiving-chests, or to the elevators, by which it is carried to the 
upper part of the building, to undergo the subsequent processes. 

The lower immoveable stones, Q^ of the same diameter as the 
runners above, are fitted with metal eyes, 5, furnished with 
brasses, which embrace the shafts of the runners, and assist 
in preserving their perfectly vertical position. These stones are 
grooved, as indicated in the plan of one of them. Fig. 3 ; that is 
to say, shallow channels are cut out of their working surfaces, so 
as to present on one side a sharp edge, and act with the runner 
like scissors, cutting each grain as it comes upon them. The fine 
close-lined dressing, which is given to the surface between these 
channels, completes the fracture and crushing of the grain. These 
lower stones rest upon the cast-iron plates, u, but with the inter- 
vention of the three adjusting screws, a\ which allow of the 
obtainment of an exact level ; whilst fonr lateral screws, a^, 
entered through the lateral cast-iron frame, serve to adjust with 
accuracy the centre of the stone. 

The base plate and side frames are not only bolted to the cross 
beams of the building, but they are also supported at intervals by 
cast-iron columns, v, placed between each pair of stones, and rest- 
ing upon the plates, p\ and the solid masonry, o*, below them. 
The ceiling is additionally supported by the solid wooden columns, 
X, placed at the ends and between the two rows of stones. An 
iron railing, T, is placed on each side of the driving-gear, to prevent 
accidents which might arise from persons passing too near the 
heavy wheels. Cavities are constructed in the masonry, for the 
reception of the mechanism for adjusting the footstep-bearings of 
the runner-shafts, already described. These openings are usually 
covered by suitable doors. 

The best millstones used, in this or any other country, are made 
of French materials. The stones from the valley of the Mame 
have the credit of performing more work, and turning out better 
and whiter flour, than any others. They are purely siliceous in 
composition, and slightly tinged with ferruginous matter ; they 
are now exported to every part of the world where the British 



system of grinding is followed. Formerly, great pains were taken 
to extract enormous stones from the quarry beds, to be used either 
as monolith grinders, or two or three only, combined into one, in 
a very rude manner, open faces being selected to grind upon, in- 
stead of the modem artificial furrows. The grand improvement 
of cutting furrows in the grinding faces, in such a way as to improve 
the grinding action without interfering with the centrifugal effect, 
is an English invention, introduced only forty years ago. Hence 
the uncertainty attending the use of porous or partially cellular 
stones was removed ; and the French makers gradually improved 
upon the idea, by building up together small fragments of stone 
of equal hardness, so as to insure a good grinding surface through- 
out — this being unattainable in large masses, where softer and 
more porous parts frequently occur alongside the harder areas. 
The makers thus contrived to get composite stones, each increment 
of the surface of which was of the same grain, hardness, porosity, 
and colour ; and as the manufacture grew up to be an important 
branch of industry, the niceties of suiting the materials to the 
peculiarities of the country where the stones were to be used, the 
special system adopted by the millers, and even the character of 
the grain to be reduced, were all carefully attended to. Thus it 
is, that the millstone manufacture has become a precise art. In 
building such stones, the workman selects a solid centre-piece, or 
eye-stone ; and round this he sets his choice-selected masses, pre- 
viously bound together, and fixes the whole with plaster of Paris, 
such accuracy being observed in the fittings, that the entire struc- 
ture hardly exhibits a joint. The smith then encircles the stone 
with a retaining hoop of wrought-iron, put on hot, so as to fit 
tightly on cooling. The dresser then reduces the yet uneven 
surface to a plane ; and the furrow -cutter follows the dresser, first 
setting off, and then cutting out, the grooves which are to produce 
the sharp cutting edges. The eye is then completed, and the 
running stone balanced, to be of equal weight all round, cavities 
being left for the insertion of lead, when the stone is started in 
work, so that it may run with perfect steadiness. A second hoop 
of cold iron is then added to give further strength, and the stone 
is left to dry. M. Boger, a French maker of repute, produces 
annually some 500 millstones, and an immense number of the in- 
ferior or burr stones — all excavated from the valley of the Marne. 

The ingenious and important contrivance of the '' antifriction 
curve," by Mr Schiele, has found an important application in the 
grinding surfaces of millstones, in which it has introduced a striking 
departure from old-established principles. The inventor was led 
to the consideration of this system of working surfaces by the 
irregularities of wear in the common conical plugged stopcock. 
Considering the truncated cone of the stopcocjt plug to be divided 
into a series of infinitely bhort lengths, he proposed to take a more 
obtuse cone for each larger portion, and in such progression, that 
it would require equal pressure for every portion of the surface to 
cause a uniform sinking of the plug in the course of wear. The 
contour thus obtained is of a peculiar curve, as shown in Fig. 1. 
The main feature of the generating curve for such a surface, is the 
equality of all tangents drawn from the curve Surface to the axis ; 
hence the use of the simple instrument illustrated by Fig. 2. This 
contrivance consists merely of a straight brass wire, a, jointed at 
one end by a pin to the upper surface of a small wooden slider, b, 
which is hollowed in the centre to receive the tip of the finger in 
drawing a curve. A small drawing-pen, C, ingeniously formed out 
oi a slip of steel bent over the wire, A, and screwed to a brass 
bush, so as to form two broad nibs, is arranged to slide from end 
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to end of the wire, being adjustable at any point by stiff friction, 
caused by a spring, which, fitting a groove in the wire, retains the 
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i-2 size, 

vertical position of the pen. In drawing a curve, the rod or wire 
carrying the pen is set a right angles with the slider, b, which is 
drawn in a right line along the edge of a ruler, whilst the wire 

carrying the pen is left to 
fin<l its way from its initial 
angular position to that of 
a line in the same plane as 
the slider; and, in doing 
this, the pen describes the 
curve we have represented. 
Fig. 3 is a vertical section 
of a millstone arrangement 
on this system, showing 
how the gradual variation 
of the curvature, in rela- 
tion to the increasing dis- 
tance of the parts from the 
centre of motion equalizes 
the rubbing pressure in the most perfect manner. The same sketch 
also shows the adaptation of the principle to footsteps, together 
with a new system of lubrication of these surfaces so liable to 
extreme abrasion. The oil supply is kept in an elevated vessel. A, 
whence a pipe, b, proceeds downwards to the footsteps, upon 
which a pressure is thus constantly kept by the oil column, a 
stopcock being introduced to regulate the supply. 

Mr Scbiele now makes independent or self-contained flour- 
mills of this kind, of such simplicity and compactness, that four 
complete mills, or sets of stones, placed together, may be worked 
in a room, 10 feet square ; a single shaft driving the set, from the 
centre, by means of a horizontal band-pulley, from which endless 
bands pass to corresponding pulleys on the spindle above the 
upper stone. In mills of this kind, when by wear the runner has 




sunk three inches, the adjusting screws of the steps arrive at the 
end of the 3-inch traverse allotted to them. The runner is then 
lifted from its seat, and the thin end is shortened to this amount. 
This plan of renovation may be repeated twice, thus allowing for 
12 inches wear in a 26-inch runner ; and the stones, so reduced, 
are still valuable for smaller mills. 

The peculiar portability of these mills is a valuable feature of 
improvement. No fixtures are required, as the weight of the 
parts insures steadiness in working. Perfect uniformity of wear 
in the grinding surfaces is attained by the use of the curved face ; 
and the expensive dressing necessary in fiat stones is here entirely 
obviated, as the occasional grinding of hard surfaces roughens the 
faces to an extent sufficient for grinding all the softer mate- 
rials, which gradually smooth down the faces. 

Any of the materials ground in common mills, and many which 
the latter cannot properly act upon, are capable of reduction in 
these mills. For flour and other finely -ground substances a few 
air-channels are formed down the face of the runner. Their best 
speed is only half that of common stones ; and the inventor states 
that his experimental results go to show that a two-feet runner 
produces as much flour as a four-feet flat millstone, the power 
required being a minimum. If the stones run empty, no contact 
can take place, therefore there is no firing, nor does a variation in 
the feed or speed cause any difference in the relative position of 
the stones, on account of the firm and steady revolution on the 
curved pivots. The antifrictional qualities of these pivots are 
pretty well elucidated by the fact of the very minute consumption 
of oil upon them. 

The " Ring Millstone," invented by Wg: 4. 

Mr Mullin of Gilford, Ireland, is pro- 
posed as the means of securing four 
special advantages — economy in manu- 
facture, simplicity and effective ventila- 
tion, increased production of meal, and a 
saving of labour in repairs. Fig. 4 is a 
vertical section of the stone, and Fig. 5 
is a correspondmg plan. The " eye," A, 
is made excessively large in proportion to 
the stone's diameter, exceeding, indeed, 
half the latter dimension. This increased 
area admits a greater volume of air than Fig. 5. 

is usual, and this air, coming in contact with the more rapidly 
revolving portion of the stone, is passed between the working^nr- 
faces by the action of the centrifugal force. Besides, the increased 
circumferential length of the eye admits of the formation of three 
or four times the ordinary number of leading furrows, for the dis- 
tribution of the air over the grinding surfaces, and thus more grain 
is ground, without any risk of overheating by friction. Finally, 
by getting rid of the great area of superabundant stone at the 
centre, the operation of dressing is obviously simplified very con- 
siderably. 

In this country, Mr Fairbaim of Manchester, perhaps, takes 
the foremost position as a flour-mill engineer. Mr Joyce, of the 
Greenwich Iron Works, has also produced some excellent work of 
this kind. The Union Com Mills, Birmingham, and the Bone 
Mills of Mr Lawes, at Deptford, may be mentioned as working 
examples of the respective performances of these makers. 
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CHAPTER XVIII. 

EXAMPLES OF FINISHED DRAWINGS OF MACHINES. 

DESCRIPTION OF THE MACHINES AND GENERAL REMARKS ON THE PRODUCTION OF SUCH FINISHED 

DRAWINGS. 



QEABED TRUNK MABINE ENGINES. 



EXAMPLE PLATE, ^. 



In accordance with the promise set forth in the preface and title- 
page of the present edition of this work, we have given from time 
to time, along with the other plates, a number of example plates. 
These plates are given, as a series of illustrations, of finished draw- 
ings of some of the most useful and generally employed machines 
of the day. — ^Being all taken from actual machines, constructed by 
some of our most eminent engineers, since the publication of the 
first edition of this work, so that they may be taken also as the 
most recent achievements of the engineering skill, in their archi- 
tecture and design, as well as of mechanical construction up to the 
present time. 

This chapter, which is devoted to the description of these 
finished plates, will, it is hoped, make an appropriate conclusion to 
our labours for the education and instruction of the practical 
draughtsman in industrial design ; and if he has attended to what 
has gone before, up to the present, it will enable him to produce 
such works of art with his own hands, and do much towards the 
cultivation of the designing and constructing qualities of his mind. 

To this end, then, we have selected as the first, and now proceed 
to describe. Example Plate, A, which represents a pair of Geared 
Trunk Marine Engines, as designed and constructed by Messrs. 
Tulloch and Denny, Engineers, Dumbarton. These engines com- 
bined are of I3d nominal horses-power, and were made in 
duplicate sets for the steam-ships Cottingham and JBmpreda, 
The latter vessel was employed by Government in the transport 
service in 1855 and 1856 — ^her average speed during that period 
being I0| knots per hour, with a consumption of 19 tons of coal 
per day. 

DESCRIPTION OF ENGINES. 

The three elaborate and highly-finished views of these engines, 
which forms the first of our new series of specimen plates, afiford 
an excellent example of compact heavy geared engines of the 
diagonal chws. They are represented in vertical end elevation, in 
Fig. 1, as looking towards the stern of the vessel, on the crank and 
cylinder end, aiul as having the port-engine cylinder, valve and 
steam casing, shown in vertical section. Fig. 2 is a corresponding 
end elevation looking forward, on the air-pump end of the engines, 
showing the crank and other connections for working these pumps, 
as well as those of the bilge and feed. The screw-shaft is shown 
in cross section and the air-pump of the port-engine, with its 
bucket, valves, trunk, and hot-well, are shown in vertical section. 
These two views, when making the drawings, ought to be drawn 
on the same horizontal base line, while Fig. 3, which is a complete 
plan or horizontal projection, corresponding to Fig. 1, ought to 
be drawn exactly below that figure,, having the vertical centre 
line produced downwards, to form the horizontal axis of the main- 
crank shaft of the engines. These views should be thus arranged 



on one large sheet of paper for the convenience of squaring over, 
or projecting the particular parts in the several views, and not as 
placed in the plate to suit the size of the paper. 

The foundation of these engines consists of a pair of large strong 
frame castings bolted together at their centre by flanges, and to 
the foundation, formed on the floor of the ship, by flanges cast all 
round the sole plate. These frames are formed, at the forward 
part, with strong outward projecting angular flanges, for carrying 
the two steam cylinders, and to which they are firmly bolted. 

The two cylinders are disposed athwart ships, at right angles to 
each other, the apex of the angle being the centre of the crank- 
shaft These cylinders have pistons of the " trunk " kind for the 
internal play of the direct connecting-rods, which have forked 
lower ends for jointing to pedestal pieces, bolted through the pis- 
tons at the bottoms of the trunks. The upper ends of these con- 
necting-rods pass upwards to the same overhead crank-pin on the 
first motion or crank-shaft, carried in bearings on an entablature 
frame, formed in two pieces, and bolted together, and supported 
from the foundation by four wrought-iron pillars and diagonal 
stays. This overhead crank-shaft carries the large main driving 
mortise spur-wheel in direct gear with the pinion, fast on the 
screw-propeller shaft. 

The steam-valves are of the common single chamber slide kind, 
having a longitudinal strengthening feather in the centre of the 
chamber. They are disposed with their casings on the upper 
sides of the steam-cylinders, and are worked from a pair of 
eccentrics on the first motion-shaft. The eccentric-rods are 
respectively jointed to cranks or rocking-levers on the ends 
of rocking-shafts, carried in short pedestal bearings bolted 
through sockets formed on the upper flanges of the cylin- 
ders. The central portions of these rocking-shafts have short 
levers jointed to the valve-spindles, which is best seen in 
the starboard engine in Fig. 3, where a port of the entabla- 
ture is shown broken away for that purpose ; whilst the opposite 
ends of the shafts carry the band-gear lever and details for the 
operations of the attendant engineer in starting and stopping the 
engines. 

The air-pumps are disposed, at the opposite end of the engines, 
to that of the steam-cylinders, and at a slight angle of inclination 
as regards the vertical centre line. They are bolted to, and inserted 
a short distance into, wells or chambers in direct connection with 
their respective condensers, and formed in two extended portions 
of the bottom or main basement frame of the whole engine and 
cylinders. The condensers, which are cast along with the bottom 
bed-plate, are disposed between the cylinders and air-pimips, and 
have a serai-circular space, formed in the centre between, so as to 
leave room for the spur-pinion of the screw-shaft to work. 

The angular arrangement of the air-pumps permit of their being 
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disposed in the same transverse vertical plane, so that the screw- 
shaft can pass between them, while their buckets, which are of the 
trunk class, can be worked from a single overhead crank on the 
after-end of the main first motion-shaft — the two connecting-rods 
being jointed to the same crank-pin, as in the case of the main 
crank connecting-rods at the other end of the shaft. 

The discharge and bucket-valves, which are formed of discs, or 
broad rings of vulcanized india-rubber, are secured to their seats by 
their annular guards — the former being screwed down by the air- 
pump covers, and the latter by the trunks, to which they are 
attached — while the tnmks themselves are firmly screwed to the 
buckets by large central bolts, the heads of which are formed into 
double joints to receive the lower ends of the connecting-rods. 
These trunks are enabled to be much smaller in proportion than 
those of the cylinder, from the greater lengths of connecting-rods 
in relation to their respective length of stroke. The connecting- 
rods are formed in two pieces, for the convenience of disconnecting, 
but rigidly attached by a socket-joint at the mouth of the trunks, 
where there is also formed an enlargement to receive a long pro- 
jecting lateral stud for working the feed and bilge-pumps from the 
same motion. These pumps are of the trunk-plunger or stoup- 
class, and fixed to the outer end of the sole plate, disposed close to, 
and parallel with, the air-pumps. 

We annex a few details of the dimensions of the engines, as 
notes for practical reference :— Diameter of steam-cylinders, 50 
inches ; diameter of steam -cylinders trunks, 31 iuches ; efifective 
diameter of piston, equal to 45 iuches ; length of stroke, 42 inches ; 
diameter of air-pumps, 26 inches ; length of stroke, 24 inches. 
The mortise spur-wheel on the first motion-shaft is 9 feet diameter, 
24 inches broad on the face of the teeth, 4 inches pitch, and has 
85 teeth in it. The spur-pinion is 3 feet 8 inches in diameter, 24 
inches broad on the face of the teeth, 4 inches pitch, and has 34 
teeth in it. 

The screw-propeller is of cast-iron, and is three-bladed, 11 feet 
diameter, 13 feet pitch, increasing to 14 feet, 3 inches pitch. 

The boilers are two in number, containing 372 brass-tubes, 3^ 
inches outside diameter, and 6} feet long. The fire-grate area forms 
in the aggregate 119 square feet 

TO COPT THESE ENGIKES OB DRAW THKM FBOU SKETCHES. 

Such highly-finished drawings of engines and complete machines 
as those represented in our series of example plates are usually 
executed to small scales, either from large working drawings or 
sketches, for the purpose of illustrating the several designs in a 
coloured picture, which would show every part of the machine to 
the spectator as well as if he saw the machine itself, or to be sent 
to the engraver to be faithfully transferred to the steel or copper- 
plate for a like purpose ; hence the draughtsman cannot devote too 
much pains to the accurate delineation and artistic effect of his 
drawing, as a whole, and in all its parts. 

The mere delineation of such finished drawings, as our example 
plate, A, represents, afford a great many examples of the appli- 
cation of the rules and instructions which we have given during the 
progress of this work, in outlining, shadow, lining, and shading, 
as well as in rectangular and oblique projection. We now propose 
to point out to the young beginner the practical application of 
these rules, and give a resum^ of the mode of procedure in the 
laying down and delineating of such a sheet of drawings as this 
plate represents. 

In laying down these finished drawings, whether from the large 



detached working drawings, or from sketches taken from the 
complete machine, or, which is more usual, from its several parts 
while they are in process of manufacture in the various parts of 
the workshops, the draughtsman proceeds much in the same way, 
by setting off the principal centre lines and measurements of the 
whole machine, which on the paper will, as it were, represent its 
skeleton or osseous system, which may now be clothed or com- 
pleted by filling in all the minor measurements and details. 

In addition to what we have already given (375), in reference to 
Plates 35 and 36, on the taking of sketches for the production of 
such drawings as the one under consideration, we may here 
remark, that it is not necessary to sketch the whole machine in 
such instances as the present, where two sides of H are alike and 
symmetrical on each side of the main centre line, as a sketch of 
the one engine on either side o( that centre Hue, with all the 
sizes marked on it in plain figures, will suffice. As formerly stated, 
(375) these general sketches are usually executed in the form of 
elevations and sections, taken at right angles to each other, as also 
one horizontal view, along with as many minor sketches of the 
details and written nrtes as will enable the draughtsman to com- 
plete the finished drawing. 

A perspective sketch also is sometimes of great use, as, besides 
saving much time in making several detached superficial ones, at 
right angles to each other, it admits of the three measurements— 
height, length, and width, being all marked on the same sketch, 
and therefore of being seen at a glance, without requiring to turn 
to the other views to mark on the sizes, or find them again when 
required. 

The draughtsman, in proceeding to lay down the complete view 
of these engines on the paper, first draws a horizontal base, or floor 
line, upon which the bed-plate is supposed to rest. Upon this base- 
line two perpendiculars should be erected, at a considerable dis- 
tance apart, which will form the main centre line of Figs. 1 and 2 
respectively. From these base and perpendicular centre lines all the 
principal measurements are taken ; thus the height of the centre of 
the screw-shaft is set off from the base on the perpendicular, as 
also the centre of the main first motion-shaft frcxn that of the 
screw-shaft, according to the diameter of the wheels. Then from this 
centre, two lines drawn to the right and left, making angles of 45^ 
with the centre and base lines, will give the centre lines of the two 
steam cylinders, on, and from which, most of the chief measure- 
ments connected with the cylinders should be marked, such as 
their diameter and length, as well as all sizes connected with the 
piston, trunk, and valve. We may here impress upon the mind 
of the younger draughtsuMin the great importance of working from 
his principal centre lines, and taking as many of his measurements 
from them as possible, particularly all chief measurements, as the 
non-observance of this in practice leads both to the multiplication 
and complication of errors as regards the sizes and positions of the 
various parts throughout the whole drawing. Whilst the obser- 
vance of this simple rule or practice prevents the multiplying of 
one error of measurement from another, it also increases the 
chances of detecting any casual wrong measurement which may 
have been taken (by the eye) from its disproportion to some pre- 
vious or subsequent one taken from the same centre, which can 
consequently at once be corrected without leading to more, or per- 
haps greater, errors than the first 

We may also here observe, that in taking or transferring mea- 
surements from one view of the drawing to another, by compasses 
or a pencil on the edge of slip of paper, the draughtsman ought 
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always to take them from the origiDal view and centre line of the 
drawing which was laid off from the scale ; this mode of procedure 
lessens the chances of little inaccuracies getting into the work, and 
ensures the consistency of all the views with each other. 

Having decided at what position to show the pistons, say, as in 
Fig. 1, the port-piston at half stroke, then having drawn it in that 
position with the lower joint of the connecting-rod, a radius drawn 
from the centre of this joint, with a radius reaching to the centre 
of the crank-shaft, will intersect the circle of the crank's motion, 
in the centre of the crank -pin, and thus give the proper position of 
the crank and pin, in relation to the supposed position, the port 
one being at half stroke, and the starboard one near the bottom of 
its stroke. Lines drawn from the centre of the crank-pin, thus 
found, to the centre of the joint of attachment near the bottom of 
the trunks, will give the centre lines of the two connecting-rods, 
which can now be drawn with the proper sizes, symmetrical to 
these lines, as well as the crank behind them, the centre line of 
which is a line drawn from the centre of the crank-pin as found, to 
the centre of the crank-shaft. After these principal parts and 
centres are drawn in, the pillow-blocks of the screw-shaft, and 
bearings of the crank-shaft, as well as the lower frame and enta- 
blature, with its supporting malleable-iron pillars and diagonal 
stays, should be all penciled in ; but, as a general rule, the details, 
and all the front or nearest objects, ought to be inked in first. In 
drawing radial, or rocking-levers, such as those on the wiper or rock- 
ing-shaft, through which the slide-valve is wrought, it is usual to fix 
or find their position by supposing them to be at right angles to 
the direction, or line of motion, when in the position of half stroke. 
For example, if the slide-valve, and eccentric which works it, is at 
half stroke, that is, in its central position covering all the ports, 
then the wiper or rocking-lever, to which the eccentric-rod is 
attached, ought to be at right angles to a line drawn through the 
centre of the crank-shaft and pin or stud of the lever, and the lever 
which is connected to the valve-spindle should be at right angles to 
the axis of that spindle in this position. This position of the parts 
also decides and gives the lengths of the rods connecting them ; 
that is, the length of the eccentric-rod and valve-spindle, while 
the several centres and lengths of the connections being thus found 
for one position, can now be removed to, or drawn in, at any point 
of their stroke or motion to suit the disposition of the other parts 
of the engine, such as the proper relative position of the slide- 
valve and its cam or eccentric to that of the crank and piston, as 
very fully gone into in reference to Plates 25, 38, 39, and 40. As 
stated in relation to the cam and eccentrics in these plates for 
working steam-valves, they are generally made to have a " throw," 
or give a direct lateral motion equal to that required by the valve, 
80 that both the gab and valve-levers are in this case of the same 
length. But this is not absolutely necessary, as considerable com- 
pensation can be obtained by varying the lengths of these two levers. 
In general, however, it is better to make the eccentric have more 
throw than the valve, as by that means the gab-lever will require 
to be longer than the valve-lever ; and thus should any play arise 
from the wearing of the joints, links, or gab, it will have a less 
injurious effect in disarranging the position of the valve itself. 
Rocking-levers of all kinds, when at the central position of their 
stroke, are usually made half the perpendicular of their arc of 
motion, that is, half the line bisecting the cord and arc of the 
motion of the lever, projecting longer, (or " overhung ") past the 
direct rectangular line of motion. All these points, by a little 
observation on the part of the student, will be well seen in rela- 



tion to the slide-valve gear of the port cylinder in Fig. 1 of this 
plate. 

Great nicety and care is required in delineating the details and 
thicknesses of the metal in the sectional parts of drawings, when 
executed on small scales, such as the present. It is also of great 
consequence that the circles and curves of the feathers of the fram- 
ing, and of the other parts, as those of the ports, casing, &a, ought 
to join each other, and the straight lines into which they run, at a 
tangent to ^kch other — rules for most cases of which were given, 
in reference to the several figures on plate 3. 

All the front objects, cylinders, framing, &c., being drawn in, 
the draughtsman now finishes the elevation of the spur wheel and 
pinion, as shown in Fig. 1, of which he only at first penciled in the 
pitch-lines, or circles, on setting off the centres of the shafts, in 
accordance with the instructions given in reference to plate 20. 
The driving-wheel is a fine large example of heavy gearing, of the 
class known as mortise, or cog-wheels, having wooden teeth let into 
mortises, formed in the rim of the wheel to receive them. Little 
further requires to be said, as regards their delineation, or construe 
tion, than to refer the reader to Part 201, where such wheels are fully 
described, except that we may note, that, in such large broad 
wheels of this class as the one shown, the arms and rim h&ve 
usually two or more face-arms, or webs, joined by strong feather- 
arms, and which form intermediate rings, or face-webs, in the 
crown or web, dividing the mortises and teeth into several divi. 
sions across the width of its face ; thus enabling the cogs to be 
put in short widths across the rim* of the wheel, which is a great 
desideratum, in many respects. In such heavy and broad spur 
wheels as those to which we are now refehing, the several rims of 
mortises and cogs, in the breadth across the face, are frequently 
stepped round a proportional part of the pitch, in relation to each 
other, and the teeth of the cast- iron pinion are set round its rim in 
the same manner, so as to work properly in gear, with the teeth of 
the cog-wheel thus arranged. This way of placing the teeth of 
such wheels equalizes the strain on them at their tangential point 
of action, and insures a more steady, and less vibratory action. 

The delineation of the back elevation. Fig. 2, is proceeded with 
much in the same way as that described in reference to Fig. 1, ex- 
cept that a great many of the heights are simply projected, or 
squared over, from Fig. 1 to Fig. 2, such as the centres, bearing- 
block, and framing supporting the two shafts, while the lateral 
measurements of most of the same parts, can also be transferred, 
by measuring from the centre lino of the first, and transferring them 
to the same distance off the centre line in Fig. 2 ; as, for instance, 
the distance of the centre line of the malleable iron stays support- 
ing the entablature, from the main centre line of the engines, and 
all similar dimensions of objects which are the same in both views. 
The centre lines of the air-pumps are set off at a predetermined 
angle, on both sides of the main centre line, and having the centre 
of the crank-shaft overhead as the apex of the angles. All the con- 
centric parts of the pumps, buckets, valves, trunks, &c., are all 
measured from the centre lines, as well as all the similar dimen- 
sions of the feed and bilge-pumps, whose centres are in the same 
line in this view. The position of the centre lines of the crank and 
connecting-rods for working the air-pumps, as well as their several 
lengths, are found in the same way as that described in reference 
to the crank and connections of the working steam cylinders in Fig. 
1. Several of the parts, such as the attachment of the bottom 
frame below the thrust-block of the screw shaft in Fig. 1, and many 
of the sizes of that block, with their bolts and nuts, &c, are the 
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same as those of the back part of the frame, and the pillow-block, 
which rests on it behind the pinion of the screw shaft, shown in Fig. 
2, are simply copied from the one to the other, as well as those 
parts of the wheel and pinion which are visible behind the other 
parts, which will complete the outline delineation of Fig. 2. We 
may, however, remark, before leaving this figure, that the angle of 
the air-pumps is made as little as possible, premising, however, 
that, consistent with the design of these engines, of working them 
from the same overhead crank-pin, they must stand in the same 
transverse vertical plane, and at such a distance apart as to admit 
of their fitting in separate wells, in direct connection with the 
respective condenser of each engine, and at the same time being 
capable of removal from their place, as well as their covers, valves, 
or buckets, without interfering with the screw shaft, which passes 
to the stem of the ship, over and between them. It is usual also, 
in such arrangements for working the air-pumps as that shown, to 
set the crank of the pumps diametrically opposite to that of the 
crank of the steam cylinders, for the more perfect balancing of the 
engines. 

In proceeding to draw the plan view, Fig. 3, of this plate, the 
important centre lines are first put down, as stated in reference to 
the other figures. The first important one, which is the axis of 
the crank shaft and screw shaft, which fall in the same line in this 
plane, is simply squared down from Fig. 1 to Fig. 3, supposed to 
be exactly beneath, and corresponding to, it. At a sufiicient dis- 
tance from Fig. 1, on this line, to prevent any part of the plan 
interfering with the base line of the elevation. Fig. I, erect a per- 
pendicular to the base, which will represent the transverse vertical 
plane passing through the axis of the two steam cylinders. Then, 
from this centre line, let the draughtsman set off his several mea- 
surements, in the direction of the length of the engines, either from 
his previous ideas, or calculations for the design, or from his 
sketches of the actual engines, as the case may be. That is, set 
off the distance of the centre line of the first journal from the centre 
line of the cylinders, and draw a line through that point, parallel to 
the centre line of the cylinders, or at right angles to the axis of the 
crank shaft ; this line will be an important centre line, being that 
of the first journal entablature frame, and vertical stays supporting 
it, and the crank-end of the first motion-shaft. Then, in like man- 
ner, set off the distance of the centre of the second journal from the 
first, and a line drawn through it, as before, will give the centre of 
the other journal bearing, entablature frame, and stays supporting 
it, and the other end of the crank-shaft From this latter centre 
set off the transverse centre line, representing a vertical plane pas- 
sing through the air-pumps, and another in like manner parallel to 
it, indicating the centres of the bilge and feed-pumps. 

The next thing is to ratify these measurements before the 
draughtsman goes further, by adding up the intermediate distances 
on a scrap of paper, or in his note-bcfek, and see that they collec- 
tively agree with that of the whole distance. Or, if he is drawing 
from sketches, let him at once fill in the several sizes, as the width 
of connecting-rod end, at the crank-pin, and the depth of the eye of. 
the crank. This will prove at once if the first bearing measure- 
ment was right. By doing the same at the air-pump end, a like 
confirmation will be the result. In like manner, by filling in the 
width of the large spur-wheel, and the eccentrics, with their balance 
discs, or weights, with a proper clearance between each of the parts, 
the whole intermediate distance between the two bearings of the 
crank-shaft will be ratified ; and in this way the greater number of 
the principal measurements, in the direction of the length of the 



engines, being laid down correctly before much of the work has 
been done — thus avoiding the chance of working away from some 
centre. line, which might, after much work had been drawn, be 
found to be incorrect. Nearly all the lateral, or transverse mea- 
surements, of the various objects in Fig. 3 are found, and their out- 
line completed by squaring them down from Fig. 1. Thus the 
horizontal axis of the main crank-pin, the axis of the wiper-shafts, 
the centres of the stays, and the bolts of the bearings of the firet 
motion-shaft, as well as the outline of the circumference of the large 
wheel, and that of all the cogs seen on the upper surface, also niany 
other sizes, are all simply squared down from Fig. 1, and it is hoped 
will be seen and thoroughly understood, from the instructions laid 
down on geometrical projection in Chapter IV., and, from time to 
time, subsequently enforced during the progress of this work. 

The horizontal projection of the cylinder and trunks afford a 
good application of the instructions given on oblique projection in 
Chapter XIIL All the sizes in the projection of these cylinders 
are obtained from Fig. 1, the conjugate axes of all the ellipses 
being obtained by directly squaring down the extreme points of 
oblique edges of the circles to the centre line indicating the hori- 
zontal projection of the axis of the cylinder, while the transverse 
axis of the ellipses are transferred from the actual sizes taken at 
right angles to the axis of the cylinder in Fig. 1, to the centre line 
bisecting the conjugate axis of the projection of the same circle, at 
right angles to the horizontal centre line of the cylinders in Fig- 3. 
The ellipses drawn by any of the methods given (Parts 55 to 59) by 
arcs or curves gliding tangentially into each other through the 
four points thus found, will produce the projection of the several 
circles very simply, as shown in this example of horizontal oblique 
projection of the cylinders. 

The horizontal oblique projection of the airpumps are projected 
in a similar way from the back elevation. Fig. 2, and also the hot 
and cold water pumps adjacent to them, except that these pumps 
are at so much smaller an angle, that the ellipses are almost 
circles. The nuts are here shown in the covers and stuffing-boxes ; 
but, in the cylinders and steam-casing, it is only the bolt-holes 
which are shown to indicate their position and number, and still 
save the labour of showing so many small nuts in oblique projec- 
tion, this practice being not uncommon with draughtsmen in such 
circumstances. 

In regard to the shading and finishing given to such drawings as 
this plate represents, we must refer the student back to the rules 
and instructions given on this subject in Chapters IX. and X. with 
reference to Plates 26 to 32, and to this and our other example 
plates, which are executed with great care by first-class draughts- 
men and engravers. We may, however, observe, that by having 
good strong light and shade on all near objects and details, the 
effect is to bring such parts of the drawing distinctly out in relief, 
which is of considerable importance in the production of good and 
effective drawing. As regards harsh cast shadows, it is usual, in 
complete drawings of machines such as our plate represents, to be 
very sparing of them, and only to put them in, at such parts as 
give effect and force to the drawing, without obscuring any of the 
important or working parts of the machine. 

As a general rule, particularly in such drawings as that which 
our example plates represent, of machinery, where every part is 
desired to be distinctly seen and understood, the best general effect 
is produced by strong shading with good bold lights, and effectively 
softened shadows, where they do not obscure other objects, while 
it leaves every part of the nmchine clear and distinct. 
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THB DELINEATION OP THESE KNQINE8 WITH A VIEW TO THEIB 
DESIGN AND CONSTRUCTION. 

Amongst the chief duties of the practical draughtsman, is to be 
able to design and draw original machinery speedily, and correctly. 
This can only be acquired by long experience and careful attention 
, to every detail, so that no confusion may afterwards arise, during 
the execution of the work he has drawn. A good and quick 
draughtsman, may be able to form in his mind, an idea of the prin- 
cipal parts of the machine he is about to draw, but the minor 
parts can only be arranged whilst his drawing is in progress. It 
is therefore necessary that a complete drawing of the machine, 
should show every important detail in its proper place, and duly 
proportioned as to strength and clearance in every position of its 
I motion. 

When an engineer agrees to construct a pair of marine engines 
I for a certain vessel, he must be supplied Nvith drawings, or tracings 
' of the hull, showing the longitudinal and midship sections. From 
these, the practical draughtsman arranges and designs the ma- 
chinery to correspond in every particular, and in many cases also 
I to agree with a previously prepared specification, giving the chief 
dimensions, such as the diameter of cylinder, the length of the 
stroke, the area of the steam-ports, &c. ; but, when the practical 
draughtsman has no specification, it becomes his duty to calculate 
I the chief sizes necessary to produce a certain power, for a given 
I tonnage, before proceeding to pencil in the leading lines of his 
' drawing. 

In the example plate, we have given a first-class specimen of a pair 
of " geared marine trunk engines " for driving a screw propeller. 
These engines have cylinders 50 inches diameter, the length of 
' stroke 42 inches ; the diameter of the trunks are 31 inches, and 
consequently the mean efiective area of the piston is reduced to 
, 1586 square inches. Supposing we have now to design a similar 
! pair of engines, our first steps would be to ascertain the dimensions 
J of the hull, which can be got from a cross section through the 
engine space. From the floors of the vessel to the screw shaft 
centre, deduct the height of plates necessary to form a steady, 
suitable engine-seat, and commence the drawing with the seat 
line for a base, upon which the whole design is to be erected. Upon 
this base line erect a perpendicular line ; for the centre of the 
screw-shaft, crank-shaft, and hull, must in this case all coincide. 
Upon the perpendicular line drawn, we have now to calculate and 
mark the height of the crank-shaft, in accordance with the scale we 
employ. Between the crank-shaft and the seat, we find that cylin- 
ders having a stroke of 42 inches cannot be drawn, without intro- 
ducing the idea of making a trunk engine ; and even then, the 
cylinders must be inclined. We therefore consider it advisable to 
try the cylinders at an angle of 45° with each other, so that one 
crank would serve to connect both steam cylinders. Draw the 
hypothenuse of a right angled triangle, from the crank-shaft centre 
to the base line, on each side of the perpendicular line, and from 
the crank-shaft centre describe the circle of the crank-pin's path, 
which is, with a radius of 21 inches, measured on the scale in use 
for this particular drawing. It would be impossible to give any 
rule for the length of the connecting-rod, as every maker knows 
how often every rule of this kind must be departed from, to suit 
circumstances of greater importance ; but a connecting-rod, of the 
length given in our plate, can be conveniently arranged by adopting 
the trunk, which should be made of a diameter capable of clearing 
the connecting-rod when at the point of greatest oscillation, and no 



more. The position of the cylinders on each side of the centre, 
should now be measured off and penciled in. One cylinder need 
only be drawn in section, as both are in this case alike ; however, 
it is absolutely necessary that the sectioned cylinder should be 
drawn with the piston at about half stroke, when the greatest angle 
of the connecting-rod, and the diameter of the trunk by measure- 
ment, can be accurately ascertained. At a tangent to the crank- 
pin circle, draw the centre line of the connecting-rod until it meets 
the hypothenuse or centre line of the steam cylinder in section, 
which, in this instance, is on the port side. On each side of the 
connecting-rod centre line, draw two parallel lines, measured to 
correspond with the rod's greatest diameter. Two parallel lines, 
showing the greatest depth of the piston, should now be drawn 
across the whole diameter of the cylinder, at a sufficient distance 
from the oscillating centre of the connecting-rod, which distance, 
is merely to give room for the requisite strength around the oscil- 
lating centre of the rod, and its respective pillow-block. From the 
upi>er side of the piston, and on the cylinder centre line, measure 
off the whole length of the stroke, and add to this measurement the 
depth of the stuffing-box when the gland is in its highest position, 
also say one inch for clearance. These together, is the proper length 
of the trunk, which line may now be drawn to intersect the cylin- 
der centre line at that point, and extended through the connecting- 
rod lines. Where these lines intersect each other, at the lower side 
of the rod, draw a line parallel to the cylinder centre line, from the 
upper side of the piston to the end of the trunk, and this line gives 
the correct diameter of the trunk. When the starboard cylinder is 
represented at full stroke, the corresponding connecting-rod centre 
is in a direct line with the crank- shaft ; but the port cylinder is 
not then exactly at half stroke, because its connecting-rod is then 
at an angle, and consequently shortened; so that the distance 
between the piston and crank-pin is variable, and least when the 
angle of the connecting-rod is greatest A radius drawn from the 
oscillating centre of the rod, through the centre of the crank-shaft 
to the crank-pin, gives the difference due to the angular position of 
the rod. We may now measure the distance between the crank 
and screw-shafts, and calculate what diameter of wheel and pinion 
will be required. To give two revolutions of the screw-shaft for 
one of the engine, these must stand to each other in the relation of 
2 to 1 ; but in this instance the spur-wheel is 9 feet diameter, and 
the pinion only 3 feet 8 inches diameter, which is nearly 2) 
to 1 ; however, draw the pitch lines in pencil of both the wheel 
and the pinion, and begin now and design the front part of 
the foundation, which, in the present arrangement, is made in two, 
and bolted together in the centre. It is very essential that any of 
the patterns, or loam work required, should be of the simplest and 
strongest form, as these are the most expensive details to correct, 
during the progress of the work ; and should any oversight appear, 
the practical draughtsman is always considered accountable, as 
also for any unnecessary expense or extra weight, where it is not 
required, especially in marine engine work. We must therefore 
design the foundation in accordance with our practice ; and although 
no two engineers might produce the same shape, still a casting of 
nearly the same weight and strength would be required for a 
similar pair of engines. The front part of the foundation frames, 
upon which the cylinders are bolted, is lowest in the centre, and 
raised gradually to what has been considered a sufficient bearing 
surface for the proper fixing of the cylinders thereto, and at the 
centre the screw-shaft can be conveniently drawn on end when re- 
quired. 
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Before proceeding further with the elevation, Fig. 1, it becomes 
a necessity to draw as much of the plan as will enable us to ascer- 
tain the position of the entablature, or upper framing, supporting 
the crank-shaft, and whether the malleable iron columns can be in 
or out of the centre line of such framing. Immediately underneath 
Fig. 1 extend the perpendicular centre line suflficiently far so that 
no part of the plan can have any chance to touch the elevation. 
At right angles to this line, draw another line for the centre line of 
the steam cylinders ; upon, and where these lines intersect each 
other, measure off the length of the crank -pin, equally on each 
side, so that two connecting-rods can have each a proper bearing 
surface thereon. Then on the perpendicular line set off with the 
scale the depth of the cranki and length of bearing at that end of 
the shaft. Through the centre, or middle of the journal measure- 
ment, draw a line parallel to the line of cylinder centre, and this 
line runs through the centre of the two supporting malleable iron 
columns shown in Fig. 1 of the "example plate." There is 
nothing, we find, to prevent these columns being drawn in the 
centre of the entablature, we may therefore turn to our first view, 
and pencil in the shape of the entablature, with the two supporting 
columns. The student might ask, Why not have only one column 
in the centre instead of two ? One reason is, that it would stand 
directly in the line of the screw-shaft, and prevent its being drawn 
on end, whereas with two, the shaft can be conveniently drawn on 
end through between the two. Another very important reason is, 
that when any strain on the entablature would tend to cause side 
oscillations, the greater the distance between the two columns, the 
more direct the end strain upon them. There is nothing in the 
present design to prevent these columns from being placed farther 
apart than they really are ; but no doubt the designer has found, 
by previous experience, that they are sufficiently far apart to ensure 
a steady support, when diagonal stays are also used in combina- 
tion with the vertical columns. We may now turn our atten- 
tion to the cylinder steam-ports, and slide-valve, which is repre- 
sented in the drawing to have a certain amount of lap or cover ; 
but, before proceeding further, we refer the reader to the instruc- 
tions on the designing, and constructing, of steam engines already 
given, in connection with Plates 38 to 40, as well as Parts 
(403 to 409) of practical data, on steam and steam engines. 
The area of the steam -ports should bear a strict relation to the 
steam cylinder's diameter, the steam pressure, and the amount of 
cover or lap, necessary to cut off the steam at the proper moment. 
Different manufacturers of marine steam engines, adopt rules vary- 
ing from xVth to ^^th the area of the steam cylinder, for the area 
of steam-ports, making the exhaust-port to agree with the cover on 
the steam side of the valve, which port generally becomes about 
double the area of the steam induction-ports, but wholly depends 
upon the cover or lap given to the slide-valve, and this port must 
be sufficiently open at all times, to allow the steam issuing from 
the cylinder, a free passage to the condenser. After calculating the 
area of the steam-ports, the amount of lap or cover to give the 
required cut off, and the length of the slide-valve's stroke, set off a 
line through the centre of the cylinder, at right angles to the engine's 
centre line, and begin to measure off the steam-ports, upon another 
line drawn parallel to the cylinder, and at the same time sufficiently 
far apart from the cylinder itself, so as to admit the exhaust-port 
and connecting-pipe of the proper area. This parallel line is termed 
the cylinder face, upon which the length and the position of the 
slide-valve, must be set off and drawn in pencil lines. The depth of 
the cup in the valve, is generally rather more than the width of 



the steam-ports, and the length of the valve-cup can only be set off 
when the valve is in the position of giving lead. If say ^th of an 
inch is sufficient lead on the steam-side of one port, |ths of an 
inch would suffice for the opening on the exhaust side of the other 
steam-port, and may be marked and drawn as one end of the valve- 
cup in that position. From the end line now drawn, measure off 
the lap or cover of the valve, and draw the short line to represent 
the extremity or leading edge, and afterwards make the other end of 
the valve exactly similar to the end already found. We may now 
begin to design the valve-casing, which may be of any dimensions, 
80 that a proper supply of steam, at all positions of the valve, may 
be regularly maintained. Many practical draughtsmen prefer 
making a diagram of the position of the steam-ports and slide-valve 
on a separate piece of paper, and then transfer the measurements 
therefrom to the chief original drawing, which may now be cleanly 
and correctly penciled in, and the drawing in no way destroyed 
by the many measurements required at that particular part. 

The port cylinder in section may be now considered designed, 
and the accompanying cylinder in elevation may be measured and 
drawn in by measurements transferred from the one to the other. 
Having so far designed the first view, we must turn again to the 
plan, which, if the drawing board and square are correct, may be 
squared down, and the transverse and conjugate axis of the ellipse 
of the cylinders drawn correctly, and in accordance with what 
we have already given in the former Part, whilst treating 
on the delineation of these engines from sketches. The trans- 
verse axis of these ellipses must be drawn and measured off 
equally on each side of the chief centre line. Every point or pro- 
jection in the first view or elevation must be squared down and 
marked on the plan, and those points nearest the eye should always 
be first drawn, whether in pencil or in ink lines. On the chief 
centre line, the connecting-rod ends are nearest the eye ; and these, 
if carefully squared down, may be correctly delineated by marking 
every projection upon that line ; then measure off the different thick- 
nesses, and draw the lines parallel and equally distant therefrom. 
The crank, from its position in the elevation, will be correspond- 
ingly foreshortened in the plan; but the practical draughtsman 
will find no difficulty in delineating such a figure, when properly 
squared down or measured from the elevation. The entablature is 
represented as partly broken away, so that the details, imme- 
diately underneath, may be more clearly drawn in and defined. 
One-half of any figure is quite sufficient in an original drawing, if 
the other half is exactly the same, and in every case should be left 
out, if more important details can be drawn in its place on the 
sheet. Upon the vertical line, forming the axis of the crank-shaft 
in the plan, measure off the space required for the eccentrics, and 
draw a line parallel to the chief centre line (say two inches clear of 
the eccentrics), and horizontal so as to represent one side of the 
cog spur-wheel. From the elevation square down the diameter of 
this wheel, and measure off the breadth in accordance with your 
previous calculation, and draw another horizontal line to represent 
the aft side of the wheel. Clear off the wheel now penciled in, 
draw the front part of the aft crank-shaft journal, and transfer the 
measurement from the front journal to the other, and draw in the ' 
entablature so as to give perfect clearance of the spur-wheel teeth. 

The cylinders, crank-shaft, and spur-wheel gearing, is now ar- 
ranged, as the plan and elevation agree so far as these details are 
connected ; but we have now to design condensers, and air-pump 
or pumps. Some draughtsmen might, to economise room, think of 
putting the condensers between the two cylinders, instead of the 
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foundation already pencilled in ; but, on noticing the space unoc- 
cupied on each side of the spur-wheel, he may also venture to try 
the condenser in this space ; and on considering the simplicity of 
the casting, and the accessible way of working the air-pumps, by 
an overhung crank with its necessary connections, he at once 
pencils part of this arrangement, and cautiously looks over his 
design as a whole. One air-pump for both cylinders is not 
uncommon ; but, should an accident occur to that pump or its con- 
necting details, where is the remedy ? Another pump or spare 
gear, we reply. Then why not construct two pumps, so that an 
accident, happening to any part or detail of one engine, the other 
may be still capable of working into some port ? — slow, but per- 
haps sure. He therefore considers it advisable to make separate 
pumps, and distinct separate condensers ; so that one, or both in 
combination, may be wrought ad libttunu 

We may now design two air-pumps, and for simplicity of con- 
struction, &c. we endeavour to get them arranged on the same 
line athwartships ; so that one crank-pin, with two connecting-rods, 
will serve the reverse purpose of that adopted whilst arranging the 
steana cylinders. We may next try to arrange them as nearly 
vertical as circumstances will admit of, and we consider single- 
acting pumps most advisable. Then how are these pumps to be 
wrought ? If we adopt guides for the true rectilinear motion of 
these pumps, an extra expense will be incurred; and since the 
trunk system is adopted in the steam cylinder connections, we 
may now try the air-pumps on the same principle, and find that a 
mere fractional addition of the air-pumps' diameter will give an 
equal area to that lost by the trunk. We then calculate the 
diameter without any trunk, and try what diameter of trunk will 
be necessary. On another comer of the sheet, and say in a line 
with the elevation, begin to draw a view of the engines looking 
forward. Set the square, and extend the base line to that comer 
of the sheet where the view. Fig. 2, in our example plate is to be 
drawn. Notice how much space on the sheet will be necessary for 
this view, and in the centre of that space erect a perpendicular ; 
upon which square across the centre of the crank-shaft, and around 
that point as a centre describe a circle equal to the stroke of the 
air-pumps, and on each side of the circle squared across from the 
screw-shaft begin to design the pumps, so that they will in no way 
prevent the removal or alteration during the repairs of any other 
detail. On each side of the screw-shaft, and from the crank-shaft 
as a centre, we now constmct the acute angle, the base line being 
one side of that angled triangle, and upon these lines we now begin 
to set off the position and diameter of the air-pumps in a similar 
way to that which we recommended in pencilling in the cylinders. 
The feed and bilge-pumps are arranged on the aft side of each air- 
pump, and are wrought by a projecting arm or crosshead from the 
connecting-rods of the air-pumps in a convenient and simple 
manner, but might be modified, and even greatly improved, by 
connecting the tmnk of the air-pump directly with the plunger of 
the bilge and feed-pumps, and in this case the plunger might then 
be solid, instead of hollow tmnks, as shown in our example plate. 
The practical draughtsman will observe that the throttle-valve, 
injection, and starting gear-handles, are all arranged conveniently 
in the front of these engines, so that the attendants can readily 
work either when required. The escape and blow through valves, 
and several of the minor details, may be greatly modified to suit 
the circumstances of the case, and if simple and accessible, may 
be equally eflScient to those shown in our "example plate," a 
lengthened description of which we consider quite unnecessary. 



"TURRET CLOCK." 

EXAMPLE PLATE, flB. 
This plate affords an excellent example of the application of tme 
perspective to the correct representation of mechanism. So far as 
effect is concerned, there is undoubtedly a great preference to be 
given to tme perspective ; but, on the other hand, a drawing so 
made is all but useless to the practical workman, from the fact of 
there being no means of readily measuring off the ditnensions of 
the various parts. The application of tme perspective is of great 
utility, however, where a clear and comprehensive idea of a piece 
of mechanism is to be imparted without a tedious verbal descrip- 
tion. Although the plate before us will no doubt appear at the 
first glance to be no light undertaking for a young draughtsman, 
yet to the student who has carefully pemsed and mastered the 
instmctions contained in our previous pages, and in Chapter 
XVI., on True Perspective, no insurmountable difficulty will 
be presented in its delineation. Perhaps the most important 
gift required to make such a drawing is patience ; for although 
the multiplicity of parts renders the figure complicated in 
appearance, still each part is little more than a repetition of its 
neighbour ; and the draughtsman who can draw a single shaft and 
spur-wheel in correct perspective will find very little more diffi- 
culty in delineating the entire clock. The " horizontal line," 
which corresponds to the height of the eye, and upon which both 
vanishing points must of course be fixed, passes in this figure 
through above the centre of the upper transverse stay connecting 
the two side standards. The respective positions of the two 
vanishing points having been decided upon, the rest is compara- 
tively plain sailing, and with pcUience and care in delineating the 
smaller details, may be completed without much difficulty. 

The perspective delineation of mechanical subjects has been 
greatly facilitated of late years by the introduction of photography. 
In the subject before us, however, the more minute details would 
hardly be obtained by photography with that decree of sharpness 
and distinctness requisite for the engraver, although the general 
disposition of the main lines of the figure would be readily fixed 
by the aid of that process, leaving the small details to be inserted 
by the hand of the draughtsman. 

The clock which forms the subject of our plate was made 
recently by Messrs. John Bailey & Co. of the Albion Works, Sal- 
ford, Manchester, for the new church. All Souls, Halifax. The 
various parts were made by steam-power and self-acting tools from 
suitable templates, thereby ensuring accuracy and good workman- 
ship, which, through the economy of time and labour effected, the 
cost of constmction of the clock has been proportionately reduced. 
The clock indicates the hour upon two dials 8 feet 6 inches in 
diameter. The arbor carriers are attached to the frame by means 
of bolts, and steel steady pins, in such a manner that any single 
wheel may be taken out without disturbing the frame. One of 
these carriers is represented detached from the clock. The hours 
are stmck upon a bell of 25 cwt., and the quarters upon smaller 
bells. The clock is provided with patent wire ropes, a set dial to 
set the hands, maintaining power, and a compensating pendulum 
156 *55 inches long, the bob of which weighs 2 cwt. The main or 
great wheels are 18 inches in diameter ; the pendulum springs are 
very short, in order to enable the point of suspension to be deter- 
mined with accuracy. In the striking trains, the ordinary pin- 
wheel for lifting the levers is dispensed with, and a snail cam with 
an anti-friction roller substituted, thereby effecting a considerable 
reduction in friction and wear and tear of the moving parts. 

2c 
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" TWIN DREDGER OF 30 HORSES-POWER." 
EXAMPLE PLATES © & ©. 
THE DELINEATION. • 

We give here two plates, as specimens of extraordinary skill and 
accuracy in minnte^we might almost say, microscopic — delinea- 
tion of machinery. We would especially draw the attention of our 
young disciple to the bevel and spur gearing, and to the chain work 
in plate ©. It is only by long practice and perseverance that the 
student can attain the skill and degree of accuracy requisite for the 
production of drawings, such as those before us, for the engraver ; 
but let him not, therefore, be disheartened, neither let his patience 
weary at the slowness with which his work progresses, even when 
he is fully competent to perform it. Plate (g) contains some good 
specimens of projection and bevel-wheel gearing, on a slightly 
larger scale. 

The one plate represents a longitudinal vertical section of the 
dredger, and the other is a transverse section of the same, taken 
through the engine-room, and, consequently, showing the engine 
more clearly than in the first plate. 

In laying down these two views, the shell, or hull, of the dredger 
is, of course, first delineated, after which the principal centre lines 
are produced, both vertically and horizontally. Plate © is what we 
may call a compound figure, as it contains a number of separate 
objects, each complete in itself, and therefore requiring a set of 
centre lines of its own. For example, we may point out the two 
"crabs" on the deck, the steam-crabs, and the boilers. The main 
vertical centre-line in plate © will coincide with the axis of the 
vertical driving shaft, which transmits the motion of the engine to 
the bucket-chain, seen at the left hand end of the figure. There is 
no general horizontal centre-line, but several minor ones will, of 
course, be required for the lines of shafting and piping. In Plate 
I© three main vertical centre-lines will be required, namely, one 
bisecting equally the entire figure, and passing through the air. 
pump of the engines, and the other two, (fixed from the first,) cor- 
responding to the axes of the two vertical shafts for driving the 
bucket-chain gearing. In this figure we have need of two main 
horizontal centre-lines, drawn respectively through the upper 
tumbler-shaft for actuating the bucket-chain and through the main 
crankshaft of the engines. The engines, of course, will require 
their own special set of subordinate centre-lines, the two chief ones 
of which will be drawn vertically through each cylinder. One of 
the pair of chains is removed in Plate ©, and a portion of the shaft 
bearings and tumbler shown in section, whilst the sister chain and 
its tumbler are in complete elevation, the buckets being projected 
from those in plate © — a vertical centre line being, of course, first 
laid down, upon which the buckets are to be projected. 

The representations of water and earth in section, are very 
effective in these plates, but this particular mode of treatment 
comes more within the scope of the engraver than the drawing-pen 
of the draughtsman, as these two elements are usually represented 
by the aid of colours. The true tint for water, in our estimation, 
is a pale bluish green, and for earth, sepia and burnt sienna ; but 
here a little artistic taste and skill will be requisite to give a pleas- 
ing effect. 

A few words on the subject of our plates may not be out of place 
here. This dredging-machine was constructed about six years ago 
for the Commissioners of Leith Harbour, the designs furnished by 
the maker being approved of by Mr Rendel, the engineer. It has 
been a most successful machine, its performances being at the rate 



of 1840 tons discharged pel* day of ten hours. The hull is com- 
posed of plate iron. It is 90 feet long by 30 feet wide, «nd 8 feet 
6 inches in depth. A central well is made in the hull for the pas- 
sage of the endless chain of buckets, and for the introduotlon of the 
ladders, or bucket frag^es, upon wl^ich the endless chains are sup 
ported. These ladders are upheld at one end by dead-eyes, cast in 
a piece with the mllo^^-block sole-plate, through which the hori- 
zontal tumbler shSfts t)a88, which drive the buckets, whilst theiT 
lower ends are slung in chains, which enable the buckets to be 
elevated or lowered, as desired. The engines are of the "oscUlating 
cylinder" class, each cylinder being 26 inches in diameter. These 
cylinders are supplied with steam from a pair of boilers, placed one 
on each side of the central well, near the longitudinal centre of the 
Teasel. We need not refer to the transmission of motion from the 
engines to the bucket-chains, and to the several crabs, as the draw- 
ing pretty fully explains itself. 

THE DESIGN AND CONSTEUCTION. 

In beginning to design and draw a double dredger, similar to 
that represented by the engravings we have given as example 
plates, the approximate weight of the hull, and machinery, and the 
draught of water required, must first be obtained. 

With this data, the length and breadth of the hull, to displace 
an equal quantity of water, may be readily calculated and noted. 
These, and many of the most important dimensions, should be 
fixed before even a line is drawn on the sheet, and most commonly 
the draughtsman is furnished with a previously prepared specifica- 
tion, wherein the different sizes are fixed and stated. 

With such a specification, the sheet may be measured, and the 
largest scale upon which he can complete the drawing should be 
adopted ; and, in case of error, it should be the only scale beside 
the draughtsman, as he is liable to be betrayed when his mind is 
fully engaged with some important detail. On the lower edge of 
the sheet, a scale may be drawn without any inconvenience, and 
upon this scale every measurement should be taken either with the 
compasses, or, with a strip of paper, whereon the exact measure- 
ment is marked with pencil before being transferred to the required 
part in the drawing. 

With these precautions, the draughtsman may begin by drawing 
a horizontal line in pencil for a base, upon which the whole is to 
be erected. This line should extend slightly beyond the greatest 
length of the hull. Upon this line set off the exact length from 
stem to stem of the vessel, and at these points erect two perpen- 
diculars, that is, one at the stem, and one at the stem. 

In the centre of the base line, measure and set off the height 
from deck to top-plating, and square that distance on to the per- 
pendiculars at each end, and mark thereon the midship depth. If 
the deck is to have, say six inches of sheer, measure and mark that 
height upon the two end lines, and draw the curve cutting these 
three points for a deck line. 

The weight of the machinery must be equally distributed 
throughout the whole length of the hull, and as the bucket-frame is 
the most important detail, its length from centre to centre, and ita 
position in the vessel, must now be decided. On noticing 
the longitudinal section, Plate ©, it will readily be perceived 
that the machine discharges at one end only, and the nearer 
the centre of the upper tumbler to that end, the less the height 
required ; we therefore erect perpendiculars for the centre of the 
supporting frame, which in the present case is made of wood. This 
should be a strong well-bound frame, to prevent the vibrations con- 
sequent upon the tumbling motion of the buckets as they empty. 
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The height of the upper tumbler-shaft, above the water line, 
depends upon the size and shape of the punts to he used for con- 
veying the dredged material away from the dredger, say that the 
height is decided to be so many feet, then measuite ofif the exact 
distance as a centre, and describe a small circle equal to the 
diameter of the shaft around that centre, and begin to pendl in the 
supporting frame with the diagonal stays running right down to 
the keelson. 

The length and angle of the bucket-frame may now be fixed to 
agree with the dredging depth line ; and if made of wood, as in the 
present case, it must be strengthened by a malleabie-iron stay, run- 
ning nearly the whole length of the frame. A small portion of this 
stay is shown in our example plate, under water, the rest is hid by 
the diagonal stays of the main framing ; but by combining the mal- 
leable-iron stay rod with the wood, a strong beam is produced, and the 
greater the depth of the central support, which, in this case, is made 
of cast-iron, the greater the strength of the bucket-frame, which, 
although capable of bearing a greater weight, must not vibrate, or 
deflect, as a great deflection or vibration would throw the buckets 
and the bucket chain completely out of their course. Experience, 
in this instance, as well as many others, goes before any rules we 
could offer ; and if without any extra weight, the strength can by 
any means be increased, this detail of the dredger cannot be too 
strong. 

The shears for raising the bucket-frame is another important 
frame, which must be not only strong enough to raise the bucket-frame, 
when the buckets are full, but when the buckets get a catch of 
heavy stones, or fixed pieces of wood, although the engine is un- 
able to drive the buckets, the hoisting-gear may be connected, and, 
by the raising of the bucket-frame, the obstruction may be quickly 
removed, without damaging the dredger. 

These shears must be of a height capable of raising the bucket- 
frame above deck, so that a bad bucket may be taken off, and a 
new one replaced. The strength of these two frames, as shown 
in the plates, are pretty fair specimens of what is required; 
and the draughtsman, in designing a new dredger, would lose 
nothing by examining what other engineers have done before him. 
The frames of the hull are spaced off at about two feet apart, which 
is a very general distance for this class of vessel, and the floors 
forming the engine-seat, &c., are the frames from which the others 
must be spaced off. Immediately under the upright shaft, and in 
the very centre of the engine, one frame is decided, and the rest 
must now be spaced off to agree. The height of the floors may be 
considerably modified, to suit the length and breadth of the vessel, 
but in no case should they be less than 10 or 12 inches, running up 
the bilges also to strengthen that part of the hull. 

The boiler, or boilers, is the next most important detail we have 
to consider ; and as the greatest weight is towards the stem, we 
must endeavour to put the boiler and coal-bunkers as far forward 
as practicable, to neutralise or distribute the weight throughout 
the vessel, so that the draught of water fore and aft will be nearly 
equal 

On examining our example Plate (^, which is an end-section, 
through the engine-room, it will be seen that this dredger is double, 
that is, having two bucket-frames, and two row of buckets, work- 
ing in one well in the centre of the vessel. The gearing for com- 
municating the motion from the engine to the upper tumbler, 
consists of an upright shaft, driven by a bevel pinion, with a fric- 
tion-nave, one keyed on each end of the engine crank-shaft. The 
pitch and strength of the teeth, to overcome the vibratory motion 



of the tumbler-shaft, must be somewhat greater than that given in 
many books as a rule, per horse-power of the engine. On the 
upper end of the upright shafts, a loose pinion gears into the 
bevel-wheel keyed on the end of the tumbler-shaft. This loose 
pinion is connected and disconnected by means of a sliding coup- 
ling, or clutch, which can be readily thrown out of gear by the 
attendant on deck, when anything serious occurs. Should the 
attendant be out of the way when the buckets are firmly held by 
any substance, such as a large stone, the friction-nave in the bevel 
pinion on the end of the engine-shaft slips round, so long as the 
buckets are held ; but, although the liability to a break-down is 
prevented by this means, still the attendant's first duty is to dis- 
connect the clutch-coupling on the upper end of the upright shaft, 
so that the friction-nave may not be destroyed. 

Ths engines are of the oscillating cylinder class. The port 
cylinder in Plate g) is shown in section, and, as a general rule 
with ordinary sized buckets, averages from 24 to 26 inches diameter. 
As the length of the stroke decides the number of revolutions the 
engine will make per minute, this must be reduced, so that the 
upper tumbler-shaft shall make about six revolutions per minute. 
This is easily accomplished, by simply calculating the relation the 
one bears to the other, and then by arranging the wheels and 
pinions in the same proportion. 

On the lower end of the upright shaft the hoisting-barrel is con- 
veniently driven by a horizontal shaft, with a spur-pinion on the 
fore end, gearing into a spur-wheel, keyed on the hoisting-barrel 
shaft, so proportioned that the barrel must average about two revo- 
lutions per minute. The barrel, in this instance, is loose on the 
shaft, with a friction-break cast on one end of it, as also a friction 
coupling-nave, for connecting or disconnecting the barrel at plea- 
sure, to meet the requirements of the bucket-frame. The connec- 
tions for working the hoisting gear must all be on deck, so that the 
frame attendant can readily raise or lower the buckets, to suit the 
ebbing or flowing of the tide, as also the proper dredging depth, so 
that he may, if possible, get full buckets, and no more. 

The hoisting-gear may be greatly modified. For instance, in- 
stead of a friction clutch for connecting the barrel, a common four- 
pronged clutch is very general, with a friction-nave in any of the 
driving wheels. Both methods serve nearly the same purpose, and 
the designer may choose either, in accordance with his judgment. 
We prefer the friction-nave, with the four-pronged clutch, as being 
most durable, and efficient in every way. We may now space off 
the position of the frames of the vessel, beginning at the centre of 
the engine, and running fore and aft therefrom ; and, as the deck- 
beams always agree, they may also be squared up and marked in 
pencil ; the position of the hatches, and the proper position of the 
crabs, can then be decided. The bow crab, in this instance, is set 
exactly over two deck beams, the main spur-wheel working through 
the deck between the two beams, and gearing into a pinion keyed 
on the cross shaft immediately underneath. This cross shaft, 
through the intervention of bevel wheels and pinions, is driven, by 
a lying shaft underneath the deck, the afb-end being in gear with 
a mitre-wheel, on a short upright shaft in connection, and receiv- 
ing motion from a bevel-wheel on the end of the hoisting-barrel 
shaft. Between the bow crab and the engine, it is necessary that 
there should be a friction-coupling, arranged so as to slip when too 
much strain is exerted on the bow chain. This coupling is placed 
on the short upright shaft near the hoisting-barrel, but would be 
equally efficient on any part between the bow crab and the driver. 
In the arrangement shown, one friction-coupling serves for both 
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bow and stem crabs, as the motion for driving the stem crab is 
taken off the lying shaft, beyond the friction coupling; but for head 
dredging it is not necessary that the stem crab should have a fric- 
tion-coupling. The pitch of the bucket-links is generally about 22 
inches from centre to centre, and the sides of the tumbler, whether 
square or pentagon, are about i or jV inches less, minus the depth 
of the link. The upper tumbler is generally made square, and the 
lower tumbler pentagon, or five-sided. The bucket-chain has a 
certain amount of slack, which is regulated by means of the screws 
at the upper end of the bucket-frame ; but, in many cases, filling-up 
blocks of different thicknesses are used. These are taken out, or put 
in, and keyed up to the pitch most suitable for the kind of ground 
to be dredged, and in many cases is preferable to the screws, which, 
when they remain perhaps for months in one position, they become 
rusted and so fixed as to be quite useless. The dead eyes, which 
hang the upper end of the bucket-frame, are generally cast in a 
piece with the bed-plate of the upper tumbler pillow-blocks, and 
firmly bolted to the sides and top of the main framing. The dead 
eyes are made in two halves to admit of the tumbler-shaft's re- 
moval, and these along with the pillow-blocks should be angled 
nearly equal to the angle of the bucket-frame at the mean dredging 
depth. This admits of the tumbler being freely taken out, and 
put into its place without drawing the bucket-frame on end ; and 
we might add, that it is the first duty of a designer to study how 
any detail of a machine can be most easily removed or repaired. The 
wood work, although not of the greatest importance, may also be of 
some service to the designer, such as stanchions, flooring, and deck. 
The stanchions are generally made of oak, and extend three or 
four feet below the deck firmly bolted to the ship's side. Holes 
are cut in the stringer-plates at the required pitch, and the stan- 
chions are bound by a gravat of angle iron, where they pass 
through the stringer-plate. On the top of the stringer-plate, the 
water ways are bolted, and these water ways are from 5 to 6 inches 
thick, curved on the inside to the flush of the deck planks, and 
rounded on the outside to form a bead all the way round the 
vessel. These water ways are generally made of teak. The floor- 
ing in cabin and store-rooms are 1 J or IJ inches thick, fixed to 
battens bolted on the top of the floor-frames, as shown in our 
example plate, ©. The deck planks are generally made of pine, 
about 6 inches broad, and from 3 to 3i inches thick. These are 
bolted to the deck beams, and caulked and payed in the usual 
way. The stoke-hole and engine-house floors are made of 
chequered malleable iron plates, bolted or screwed to the keelsons 
or floors. The bulkheads in the forepart of the vessel run right 
across athwartships, and those dividing the boiler and engine spaces 
are riveted to each side of the well. These bulkheads are generally 
made of |ths inch iron, with angle irons riveted thereon, to 
strengthen them. These bulkheads are distinct partitions, caulked 
all round, so that the bilge-pump pipes must be led through 
the bulkheads, and secured by flanges and bolts, with suitable 
cocks arranged so that the engineer can at any time pump from 
either compartment. The deck pump pipes must also be similarly 
arranged, so that water in any of these compartments can be rea- 
dily pumped out. The designer will therefore have to decide the 
position of these cocks, which, in every case, should be accessible 
in the engine-room. The cabin fittings in the forepart of this ves- 
sel are of the usual class of joiner work, and need not be dwelt 
upon here. Where any shaft passes through the deck, a gravat, 
standing up from the deck an inch or two, should encircle every 
opening, so that any wash of water on deck would, by this means, 



be carried past the openings, and over the side of the vessel through 
the scuppers, iivthe outside water ways. The height of the funnel 
depends somewhat on the description of boiler, but, generally 
speaking, is designed more to please the eye than any great advan- 
tage towards increasing the draught. The rollers in the bucket- 
frame, which support the buckets in their upward path, are spaced 
ofT, so that the number of rollers equals the number of buckets 
resting thereon, that is, one for each bucket. These rollers work 
in chilled cast-iron bushes, with wooden covers, to prevent the mud 
or sand from entering too freely. These journals average from 1 J 
to 2 inches diameter. The single links on the bucket chain are 
steeled, and the coupling-pins are also steeled. >^heir average 
diameter is from 2 to 2 J inches for large dredgws, and about 
H inches in diameter for the smaller class of dredgers. Great care 
should be taken in fitting and riveting the double links on to the 
bottom of the buckets, for, although every precaution to prevent 
their working loose has, from time to time, been tried, still rough 
ground tells upon all, and, of course, incurs great expense to repair. 
To this particular detail we recommend the designer to be very 
carefnl. To describe many of the smaller, or less important, details 
would occupy, we think, unnecessary space, still, from what has 
been said, we doubt not that a pretty fair knowledge may be 
gained from the engravings and description just given. 



TEN-WHEELED DOUBLE BOGIE TRUNK PASSENGER 
LOCOMOTIVE (BROAD GAUGE.) 

EXAMPLE PLATE, g. 

As regards beauty and effect in shading and tinting, this plate 
can hardly, we think, be excelled. It forms an admirable study 
also of shadows, which, in this specimen, are well filled in, and 
largely distributed over the entire subject, giving a bold, and, if 
we may apply the term to a locomotive, life-like effect. In the 
laying down of a locomotive drawing, the first points to fix are the 
centres of the several supporting wheels, by drawing vertical centre 
lines from the surface of the rail, at the proper distances apart, and 
then measuring from the surface of the rail along each centre line 
the heights of the centres of the wheels. In this engine, the 
smaller wheels are all one size, and therefore one vertical measure- 
ment will answer for all, another measurement being taken for the 
centre of the large driving-wheels. The horizontal centre line of 
the barrel of the boiler may be next produced, measuring from the 
surface of the rail, after which the outside framing and details may 
be filled in, those parts which are most prominent or nearest the 
eye, being drawn first ; and this remark applies generally to the 
delineation of all mechanical subjects. 

This locomotive is a specimen of one of our modem and most 
improved engines. It was built by Messrs Rothwell & Co., Union 
Foundry, Bolton-Le-Moors, for the Bristol and Exeter Railway Co., 
under the superintendence of James Pearson, Esq., Bristol, Locomo- 
tive Engineer of the line. The adaptation of the American " bogie " 
carriage at each end of the frame enables the engine to pass easily 
and safely over the sharpest curves. These " bogies," or swivel - 
frames, are made entirely of wrought-iron, each frame being in one 
solid piece, weighing 29 cwt. when in its rough forged condition. 
Each bogie has, of course, its own set of four running wheels, 4 
feet in diameter, the entire series of 8 being of the same size and 
construction. The central driving-wheels are of the extraordinary 
diameter of 9 feet I so that even when the engine is travelling at a 
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very high speed, the pistons and working connections move only 
at a very moderate rate, thus greatly reducing the chances of de- 
rangement usually due to rapid reciprocatory movements of heavy 
mechanical details. An ordinary-sized driving-wheel, say of 6 feet 
diameter, draws its train forward 18*84 feet at each revolution, the 
pistons having to make no fewer than 280 double strokes for each 
mile run. But with Messrs BothwelPs 9 feet wheel, each revolu- 
tion conveys the train 28*27 feet, so that the pistons make only 
186 double strokes per mile, even by the train. By this means the 
wear and tear of the parts is kept down, although the engine has 
frequently attained a rate of 80 miles an hour I — the freedom from 
oscillation at that speed being somewhat remarkable. The boiler 
is 10 feet 9 inches long, with an internal diameter of 4 feet and ) 
an inch ; it contains 180 brass tubes of an internal diameter of Hi 
inches. The cylinders were 16J inches diameter, with a stroke of 
24 inches, and the working steam pressure is about 130 lbs. 

There are two underneath tanks in addition to the tender tank 
of the ordinary description by which the water supply is taken in. 
One of these tanks is placed directly beneath the fire-box, and a 
second one is bolied by flange pieces to the underside of the boiler 
barrel between the crank axles and the hind axle of the front bogie. 
These two suspended tanks are connected together by a stuffing- 
box jointed pipe, which is carried along so as to open into the 
bottom of the tender tank, and put all three into communication. 

The whole of the springs are of the india-rubber disc kind, those 
of the driving axle presenting some remarkable peculiarities. 
They are double, an elastic connection being formed between the 
boiler and the axle-boxes by large plate brackets projecting from 
the barrel of the boiler, and carrying centre-studs for a short 
double-armed lever, each end of this lever having a separate spring- 
box attached to it by a long link. The inner spring-box works 
down behind the disc plate of the driving wheel splasher, whilst the 
outer one, which alone is seen in the engraving, works parallel to 
it outside the driving wheel. The springs for the other wheels are 
all beneath their respective axles, and present a very compact and 
neat appearance. The break action is confined to the after bogie, 
all four wheels being acted upon simultaneously by the break 
blocks. The sliding bars, which carry the break blocks, are ac- 
tuated in reverse directions by a screw spindle, carrying a winch 
for the driver's hand. The regulator-valve is a slide worked in a 
simple and very convenient manner by a short lever set on a pillar 
stud on the front of the fire-box, and passing through a slot in the 
end of the slide spindle. This is a far more effective plan of work- 
ing the regulator than the ordinary rotatory handle. A somewhat 
similar arrangement is applied to the alarm whistle in lieu of the 
old form of steam-oock. The bogie movement is greatly aided in 
its snake-like powers of sinuosity, when passing severe curves, by 
the absence of tire flanges on the driving wheels. The bogie frames 
can thus pass round quick bends without causing any lateral fric- 
tional pressure upon the insides of the rails, as would inevitably 
arise were not the plain tires of the wheels free to work laterally 
over the rails. The weight of the engine, complete with coke and 
water, is 42 tons. 

CHECK-LOOM. 

EXAMPLE PLATE, p. 

This plate is given as an illustration and example of the way to 
treat and draw a piece of textile machinery, both as a whole 
machine and in detail, in a practical draughtsman-like manner, so 



as to show the perfection of his art in producing an accurate and 
pleasing picture of a complicated machine. We also give this 
plate as a good example and study in the drawing of minute ob- 
jects, as it embodies the application of a great many of the rules 
and instructions given throughout this work in the combination 
and delineation of some of the very objects taken for illustration in 
the course of such instructions, drawn with the greatest care and 
accuracy, to a very small scale. We have further been induced to 
select this plate, as one of our concluding series, for the education 
of the practical draughtsman in industrial design, not only for the 
example it presents in clear and artistic delineation, but also as a com- 
plete study in the combination and application of so many mechanical 
movements, all beautifully arranged and designed for the obtain- 
ment of specific purposes and motions, at particular times, in rela- 
tion to each other, all of which are accomplished with the utmost 
accuracy. The power-loom is not the invention of a day, but 
the growth of the engineering skill of half a century; and to 
attempt to describe, as we have done in the case of some of our 
first example plates, or show how to draw or design this complex 
machine, would be quite imposs&ible within the prescribed limits 
of this work. We must therefore be content with a few general 
remarks on the delineation, and in pointing out the application of 
some of the main subjects which we have from time to time had 
occasion to discuss. In consideration of the importance of the cul- 
tivation of the mind of the student in the arrangement and design 
of mechanical movements for specific ends, which is the great aim 
of this work, we shall give a description of the new mechanical 
arrangements of this loom to which we have alluded, and to illus- 
trate which these drawings were specially got up; although, 
even to do this, occupies much more space than we could have 
wished. As is well known, there are three principal and essential 
movements necessary in every loom for the production of cloth, 
namely, shedding, picking, and felling, or beating up of the weft 
which has been picked or shot through the shed of the warp. The 
successful working of the power-loom at high speeds has rendered 
a great many other automatic and intermittent movements also 
necessary, such as the take up motion of the cloth when woven, and 
in some instances the warp before being woven is also given off by 
a positive motion as required. Along with several movements for 
stopping the loom when anything goes wrong with the picking 
motion, or proper action of the shuttle, when the thread goes done, 
or breaks; also in some cases when a warp-thread breaks, or 
the shed is not properly formed, the loom is also made to stop 
itself, and thus prevent the production of imperfect cloth. Arrange- 
ments are also introduced in some looms for throwing the 
lathe out of action, as also that of the reed out of its place, 
when anything interferes with the lathe, or beat-up action of 
the cloth, as well as to regulate its force and action at the fell, or 
part where the cloth is formed, so as to make close and open 
stripes of different density across. As regards the three prime 
and essential motions, and the modes of obtaining them, in the 
power-loom by the different makers, and for the production of the 
various kinds of fabric, or cloth to be produced, they are so various 
that we cannot pretend to give even a recital of them here. 
The loom which we have illustrated in the several views of our 
example Plate, P, is from the factory of one of our best makers, 
and is a fair type of all that appertains to the general arrangements 
of the power-loom, and shows to what perfection mechanical en- 
gineers have brought this class of machines, whilst it also embodies 
some of the most recent improvements of Messrs Muir & M'Uwham, 
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of the Andereton Foundry, Glasgow, for working the "drop-shuttle 
box" of stripe, check, and other pattern looms of this class. When 
a draughtsman is about to commence such a drawing as that before 
us, he first considers what views will best show the improvements 
or important parts of the machme he is desirous of most fully and 
clearly illustrating. Now, aa the improvements for which this 
drawing was got up referred to none of the movements to which we 
have as yet alluded, but to a special class of loom for weaving plain 
cloth, striped with various colours, it was not necessary to draw 
various complete elevations, plans, and sections, to show the well- 
known plain shedding, picking, and beating-up actions. But as the 
mechanism to be shown, in this case, all refers to the action of a 
change or drop-shuttle box at one end of the lathe, it was only ne- 
cessary for the combined or general views, to show an end and front 
elevation as well as a partial plan of that end of the loom where the 
improvements were arrange^- These general views show the rela- 
tion, connection, and action of the new parts to the whole machine, 
but as the new parts are necessarily too small to be properly seen 
in their minutias and action, enlarged detached views of them are 
drawn to much larger scales, so as to make them more intelligible. 
Fig. 1 being the complete side or end elevation of the loom, in 
working order, looking on the new pattern-working mechanism ; 
Fig 2 is a complete front elevation, corresponding to Fig. 1 ; and 
Fig. 3 is a plan of the end of the loom, corresponding to Fig. 1, 
and the left hand end, as seen in Fig. 2. Figs. 4, 5, and 6 are en- 
larged detached views of the pattern-working mechanism, Fig. 4 
being a transverse section through the pattern-barrel, showing the 
action of the pattern-pins, p, on the levers, g, and the action of 
the palls, k and Z, for turning the barrel in reverse directions. Fig. 

5 is a sectional view, corresponding to Fig. 6, as taken at right 
angles to that view just behind the cam, p, through the frame, a, 
and lever, j, and looking from the left in Fig. 6, showing the action 
of the cam, p, on the anti-friction rollers of the catch-levers, b. Fig. 

6 is a side view, corresponding to Fig. 1, as looking on the end of 
the second motion, or tappet-shaft, q, but having the cam, p. re- 
moved, as well as part of the bracket, L, to show the attachment 
and working of the levers, z and w, respectively. 

As is usual in sudi cases as this, it is only the new parts of the 
machine, and a few of those of the old, which are necessary to the 
intelligible description of the improvements which arc lettered and 
figured, or numbered, and with this in view all the letters and 
numbers are marked on the several objects to which they refer in 
all the views, each letter indicat'ng the same object in every figure. 

The first view that the draughtsman proceeds to lay down is the 
end elevation. Fig. 1, by erecting or pencilling in the side frame, o, 
of the loom, upon the base, or floor line, as this frame is seldom 
altered for a great variety of looms. This done, he now defines the 
position of his two main, or crank and tappet-shafts, pencilling in the 
pitch-lines of their connecting wheels to see that he is correct 
These are usually made two to one. The next step would be to put 
in the breast and back-beam, or rail, and draw a line across them, 
which would indicate the line or chain of warp, which must be so 
high above the crank-shaft that the warp-threads, when at their 
widest shed, will have plenty of clearance. He may now pencil in 
the centres of his feeding and cloth beams in front, and the diam- 
eters and positions of all the teeth-wheels and ratchet-wheels for the 
take-up motion, so that none of the new parts may interfere with 
them, but may be designed and arranged to be quite clear of all 
that is necessary to the working of an ordinary loom. 

The next thing is to pencil in the lathe, a, with the shuttle-raoe, 



and bottom of the top shuttle-box, in a line with it at such a dis- 
tance below the line of cloth that it will allow the reed to beat up 
the weft, and at the same time, when it is drawn back to the posi- 
tion for the shuttle to be thrown, that the lower threads of the warp 
— which should, by this time, be quite full shed, as shown in Fig. 
1— will rest on the race, and allow the shuttle to glide over them 
without injury. 

Everything in a loom has to be drawn, or set, in proper position 
with the cranks, so that, at this stage, it now becomes necessary to 
decide at what position the draughtsman will place it. For various 
reasons the position indicated on the drawings was chosen, viz., it 
shows the shed fully formed, the lathe, a, nearly vertical, yet the 
crank has moved round, as indicated by the arrow, about ^th of its 
circle, taking the lathe back with it after having beat up the first 
pick of the particular coloured weft, which is in the top division of 
the drop-box, b; the cams on the tappet-shaft, q, being set in 
proper position in relation to the crank, is shown in Figs. 1, 2, and 
3, as just in the act of commencing to move the shuttle from the 
right hand side, or making the second pick, which brings the shuttle 
home into its top box again, allowing time for the shifting and 
steady fixing of the levers and drop-box prior to the first pick of a 
new colour being given. Another advantage of the position chosen 
is, that it shows the lathe, a, and shuttle-box, b, clear and distinct, 
away from other objects, and all the catches and levers for working 
the latter, in a normal position, and not in the act of shifting ; the 
duplex cam, p, being turned in the upward direction, is clearly seen. 

The position of the crank, and, consequently, that of most of the 
other cams, levers, and catches, to produce their required effect at 
the proper time, during the crank's revolution, must now be pen- 
cilled in accordingly. Instead of the length of the connecting-rod, 
however, in this ca^e being decided by the lever or lathe at half- 
stroke, as is usual, it is best found by supposing the lathe, A, to be 
up at the " fel," or the reed in the position of striking the cloth, 
and the crank at its farthest point forward, or in a direct line 
towards the centre of attachment to the lathe. The distance from 
the centres of the crank, and that of the pin in that position, will 
be the length of the connecting-rod. 

There are four shuttle-boxes arranged vertically in the drop-box, 
B, as close together as the shuttle and driver can be got to work 
freely. This distance between the heii^hts of the boxes determines 
or regulates the various dimensions of the shift of the levers and 
notched catches which work and hold the drop-box at these various 
heights, as well as the height of the steps of the cam, p, on the end 
of the tappet-shaft, q, which raises the shuttle drop-box through the 
levers, J and F, connected to each other by an open link piece, i, 
the other end of the lever, f, being jointed directly to the lower 
end of the oscillating rod, d, of the drop-box. 

In drawing such an arrangement of levers as that now before us, 
the draughtsman proceeds very much in the same way, whether 
doing it from sketches or designs, so that, in this case, it is unne> 
cessary to do more than go through the construction, to find the 
centre of attachment, oscillation, as well as the points of contact of 
the cams, and the position of these levers in relation to the other parts 
and movements of the loom. As is very common in the movements 
of machines of this class, the arrangement for working the drop-box 
is duplex — namely, one mechanism, or a combination of parts, is 
for producing the physical or direct movement of the shuttle-box, 
whilst the other, as it were, performs the mental function, and de- 
cides, or brings into play, a little catch, T, when the first is 
to come into action and move the shuttle-box. As it is dcsir- 



BOOK OF INDUSTRIAL DESIGN. 



195 



able that the lathe, A, and shnttle-box, b, with its rod, D, should 
oscillate as near as possible from the same centre, a line drawn par- 
allel to the base-line through the centre of the journal of the rocking- 
shaft of the lathe, will give the proper centre-line of the lever, F, 
when in the centre of its motion ; on a vertical line through the 
same centre set of the four points or positions, that is, three divi- 
sions, each equal to the height between two of the shuttle-boxes, 
so that 1 J of that distance above and below the centre-line will give 
the two extreme positions of the centre of the joint of attachment 
of the lever, f, with the lower end of the rod, D, proper to the top 
and lowest shuttle-boxes, as seen in these two positions of the parts 
in Figs. 1 and 6 respectively. 

The draughtsman, at this point, has to consider the best arrange- 
ment for working this lever, f, the position of which has been so far 
decided upon. Cams of the construction described in reference to 
Figs. 2 and 3, Plate 25, (228,) are most applicable ; and as the 
tappet-shaft is quite convenient, he immediately sees how the whole 
thing can be conveniently wrought ; and, after a little reasoning and 
some rough trials of sketches on a piece of paper, he decides it will 
be very good to have a three-stepped cam, as p ; and as the steps 
would be too high to give them the whole throw of the shuttle-box 
at each time, and knock and shake everything, he draws in the 
cam (228), as shown in Fig. 1, to come into action, and have 
the drop shuttle-box change just before the left hand picking-cam, 
on the tappet-shaft, q. Fig. 2, comes into action, and while the 
cranks are turning the front part of their revolution. The levers, 
B and J, must now be drawn in, but as the short levers, b, are made 
to come under the different steps of the cam in their respective 
planes, and fixed by the little catch-bar, T, when the lever, J, is to 
be moved, we will speak here of the whole as one lever, j. For 
steady working, the convenience of getting all the attachments 
applied, and a small radial angular action, this lever, J, ought to 
be a good length, so that its fulcrum is fixed at k. The extreme 
back edge of the main frame, o, in a bracket, L, and the little anti- 
friction pulleys of the levers, b, being drawn in on the vertical line 
below the cam, p, and touching the concentric centre web, or eye, 
from which all the steps spring, we draw a line from k through the 
centre of these pulleys. The centre of the little bar, T, may be fixed 
at any convenient point in this line, which would leave length for the 
action of the loose lever, R. Then, with k as a centre and a radius 
reaching to the centre of the anti-friction pulleys, draw an arc, on 
which set off three divisions, from the centre of the same pulley 
downwards. Lines drawn through these points to the centre, K, 
will give the position of the lever, j, at the three other positions 
proper for the three lowest shuttle-boxes. In Fig. 1 it is shown 
in the highest position of its motion, and at Fig. 6 in its lowest 
It has been here thought best to connect the lever, j, by the same 
joint-pin, 8, on which the levers, b, oscillate to the lever, P, through 
the open link, i. A vertical line through the centre of that joint- 
pin, 8, gives the centre-line of the link, i, and it will intersect the 
horizontal centre-line of the lever, f, in its central position. The 
distance from that point of intersection to the centre, 8, when the 
lever, j, is also at the centre of its motion, will be the length of the 
link, I, with which the positions of the front end of the lever, p, 
can now be found ; consequently, having the two extremes and 
central position of this lever, p, its fulcrum may now be found by 
drawing its centre-line at any of these extreme inclinations, as 
shown in. Figs. 1 and 6, which would intersect the horizontal 
centre-line at half stroke in its fulcrum, or centre of oscillation, 
thus giving all the principal centres and measurements of the first 



mechanical arrangement referred to. The distance between the 
notches at 7 and h, for the catches, 8 and z, for holding the levers, j 
and F, are found, since the positions and motion of these levers have 
been obtained by producing the radial or centre lines in their various 
situations, till they intersect the arcs, drawn at the proper depth of 
the notches, to suit the motion given to the catch-levers, 8 and z. 
The shape and configuration of these levers and catches have to be 
made to suit the requirements of the locality where they are 
placed, to clear the adjacent objects ; as, for instance, the bend in 
the lever, j, to clear the cam, p, and give room for the short lever, 
B, to work below them, also the bend in the catch, 8, to clear the 
notched segment, 7, when it is in the position shown in Fig. 6. 

Space will not admit of going through the drawing and con- 
struction of the second arrangement of this duplex mechanism, 
which consists of a pattern-barrel, b, and its levers and catches, as 
we have done the first; but from the description of the whole 
arrangement and action, along with what has been said of the first 
part, the draughtsman will, we hope, form a good idea of how to 
proceed in delineating this and similar subjects. 

The pattern-barrel, ft, is a good example of the helices. Figs. 1 
and 2, Plate 15, (270,) — ^the boles and pattern-pins around its peri- 
phery forming a regular pitched siugle-threaded right-handed 
spiral, as well as the fine square-threaded left hand screw, s, for 
carrying the hanging levers, ^, across the surfaos of the first. The 
small-teethed wheels and ratchets, for working the pattern-barrel 
and cloth-feeding rollers, are all good illustrations of such as have 
been discussed in reference to Plates 3 and 20, and present no 
new feature requiring special notice, except that they are drawn to 
small scales, and afford a finer example of smaller work than any- 
thing given in the plates of the body of the work. 

For all further understanding of the delineation of this example 
plate, we must leave the student to perceive the several require- 
ments necessary to be gone through in order to make the different 
limbs of the machine perform the functions for which they are re- 
quired, and which will be best understood from the description 
which we have thought it best to give. 

In the particular loom to which this new arrangement of 
parts has here been applied, the shuttles are changed at one side 
only of the loom lathe, A ; and the shuttle drop-box, b, which 
is in this instance constructed for four shuttles, is arranged 
in the ordinary way, to slide up and down in a frame, o, upon the 
side of the lathe, being shifted by means of the rod, D, jointed 
through a cross-head at its top end to lugs, s, on the under side of 
the drop-box. The lower end of the rod, D, is jointed to the front 
end of a lever, f, which oscillates upon a stud-pin carried in a 
bracket bolted to the lower cross-bar of the side frame, a, of the 
loom. The lever, p, is formed with an elongated boss, which has 
formed upon it, near the framing, a notched segment, h, lying 
directly or nearly behind the back portion of the lever, p ; this 
segment, h, serving to lock the shuttle drop-box, b, in its various 
positions. The back end of the lever, f, has jointed to it a forked 
Unk, I, the two upwardly directed legs of which are jointed to the 
opposite sides of an open frame lever, j, arranged to vibrate on a 
centre, k, in a bracket, L, bolted to the back portion of the side 
frame, a. The parts being thus connected, it will be obvious that 
the shuttle drop-box, B, will rise as the firame lever, j, falls, and 
vice versa. A powerful spring, M, is applied so as to give the lever, 
J, and connections, a tendency to rise whenever they are free to do 
so, and thus lower the shuttle drop-box ; the spring being attached 
at its upper end to a bracket, n, bolted to the upper part of the 
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side frame, o, and at its lower end to a pin, o, on the arm of the 
segment, H ; this pin being set in such a position, with reference 
to the centre of motion and the movement of the parts, that the 
spring acts with proportionately less leverage the more it is 
stretched, so that its action is rendered more imiform than it other- 
wise might be. When the shuttle drop-box is to be raised, this 
movement is effected by the depression of the frame levdt, J, such 
depression being caused by one or other of the three stepped cams, 
p, formed by preference in one piece, and keyed upon the second 
motion or tappet shaft, Q, of the loom ; this shaft being prolonged 
laterally beyond the side frame, o, of the loom for the purpose. 
Each step of the cam is proportioned so as when in effective action 
to bring a particular cell of the shuttle drop-box on a level with 
the race. Thus the cam surface of smallest radius ])nagR the 
second cell from the top up to the race ; that of the next larger 
radius brings the third cell up, and the one of the largest radius 
the fourth or lowest celL These several steps of the cam, p, do 
not act directly upon the frame lever, j ; but each one acts upon a 
pulley carried by a separate lever or catch-bar, b, which swings 
loosely on a horizontal spindle, s, fixed across the open part of the 
frame lever, j, and vibrates with the rotation of the cam, without 
imparting any motion to the frame lever, j, unless locked by the 
action of the pattern mechanism, so as to be incapable of yielding 
to the depressing action of the cam, without causing the frame 
lever, j, to descend also. The locking is effected by means of a 
transverse horizontal bar, t, which slides in slots in the sides of 
the frame lever, j, near its front end. The catch levers, b, are 
made with tails projecting in front of the spindle, s, the tails being 
of different lengths, to correspond inversely with the cams ; the 
catch-lever acted on by the cam of smaUest radius having the 
longest tail, and the front tails of the others shorter in succession. 
When, however, the locking bar, t, is at the front end of its slot, 
it is quite out of the way of the longest-tailed catch-lever, b, and 
when the cams, p, come round, they depress the back ends of the 
catch-levers, b, causing their tails to rise, but without moving the 
frame-lever in any way. But when the locking bar, T, is moved 
one degree back in its slot, it comes over the tail of the longest 
catch-lever, B, corresponding to the cam of smallest radius ; and 
on the cams coming round, the tail of this catch-lever being pre- 
vented from rising, its back end cannot be depressed without carry- 
ing down with it the frame-lever, j. The frame-lever, j, is conse- 
quently depressed to the extent corresponding to the cam of 
smallest radius, and the shuttle drop-box is raised in the manner 
hereinbefore explained, so as to bring the second cell on a level 
with the race. If the loc^^ing-bar, t, is shifted a degree further 
back, it comes over the tail of the second or middle catch-lever, B, 
so that on the cams coming round, the frame-lever, J, will be de- 
pressed to the extent corresponding to the second cam, and the 
third shuttle-cell of the drop-box will be raised to a level with the 
race. Similarly, by shifting the locking-bar, t, still further back, 
so as to come over the tail of the shortest catch-lever, b, the cam 
of largest radius will be caused to give an effective stroke, and so 
raise the fourth or lowermost shuttle cell to a level with the race. 
The locking bar, t, is shifted as the weaving action goes on, in ac- 
cordance with the requirements of the pattern, by two rods, u, 
jointed to it, one on each side, outside of the frame-lever, j, through 
the slots in which the bar, t, projects. The two rods, n, which 
are curved to clear the spindle, s, are jointed at their back ends to 
the two arms of a crosshead, v, bolted to the upper end of a lever, 
w, carried on a stud pin fixed in a curved arm, x, formed upon and 



projecting down from the bracket, l. The lever, w, with its cross- 
head, V, is so set that the points of connection of the rods, u, may 
always be as nearly as possible in a plane which passes through 
the centres, k, and the locking-bar, t, when the frame-lever, j, is 
in its middle position, in order that the movements of the frame- 
lever, J, may affect the position of the locking-bar, t, as little as 
possible. The lower end of the lever, w, carries an adjustable stud, 
T, upon which is jointed a rod, z, passing towards the front of the 
loom, and resting near its front end upon a roller, a. It is this 
rod, z, which is acted upon by the pattern mechanism, and trans- 
mits all the movements governing the action of the cams, p. The 
pattern mechanism consists of a barrel, 6, carried loosely upon a 
horizontal spindle, c, fixed in the side standards, (£, of a small frame 
placed at the side of the loom to carry the pattern mechanism. 
Washers of leather are applied to the bosses of the barrel, to pre- 
vent it from being jerked too far when moved. The barrel is formed 
with a ratchet-wheel, c, upon one end, and a spur-wheel, /, upon 
the other end, and the spur-wheel is in gear with a pinion, g, upon 
a parallel screw-spindle, A, carried in bearings in brackets formed 
upon the standards, d. The barrel, b, is formed with holes dis- 
posed helically or spirally round it ; the pitch of the helical line of 
holes on the barrel, and the pitch of the screw-spindle, h, together 
with the sizes of the wheels,/ and g, being so proportioned that a 
nut-lever, q, carried by the screw-spindle. A, as it were, follows the 
helical line of holes upon the barrel being moved longitudinally a 
distance equal to the pitch of the helical line of holes at every turn 
of the barrel. The pitch of the teeth of the ratchet-wheel, e, cor- 
responds to that of the holes on the barrel, as taken circularly, and 
at each revolution of the tappet-shaft, Q, the barrel is moved round 
to the extent of a hole by the action of a lever, t, centred upon the 
spindle, c, and acted upon by a cam, j, Fig. 6, on the shaft, q. 
The pall, k, which is carried by the lever, t, and which acts upon 
the ratchet-wheel, e, is forked so as to be lifted out of gear by a pin 
on the back end of another pall, Z, also carried on a pin on the 
lever, »'. The second pall, /, is for causing the barrel, 6, to turn 
backwards, or in the opposite direction to that in which it is 
driven by the pall, k, when required ; the backward motion being 
produced by the action of the pall, 7, on a ratchet-wheel, m, fast on 
the screw-spindle, h ; the reversal of the motion being effected by 
simply lowering or raising the pall, Z, by means of the link, n, the 
manner of actuating which link will be hereinafter described. The 
holes in the barrel, 5, are contrived to receive pins or buttons, j?, 
which have various amounts of projection from the barrel surface, 
according to the number of shuttles used. Thus in the present 
instance, in which arrangements are made for working four 
shuttles, there are pins, p, of three different sizes, corresponding. In 
fact, to the three cams, p, already described ; the absence at any 
point of any pin, and the consequent inaction of aU the cams, p, 
corresponding to the use in the pattern of the top shuttle, and the 
pins and cams corresponding severally to the other three shuttles, 
making four in all. The screw-spindle, A, carries two nut-levers, 
^, the bosses of which are tapped to work upon the thread of the 
spindle, the levers consequently moving longitudinally back and 
forwards, as the screw-spindle turns alternately in opposite direc- 
tions. The nut-levers are formed with bevelled pointed projections, 
r, which come in contact with the pins, /?, on the barrel, 6, each 
lever assuming a position determined by the amount of projection 
of the particular pin, j9, acting upon it at any one time. The nut- 
levers are, however, never both in action at once, but are thrown 
into and out of gear alternately. The lower ends are prolonged to 
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act upon a horizontal erosshead, a, fixed upon the front end of the 
rod, z, whioh transmits the pattern action to the actual shifting 
details, as already explained. Each nut-lever, q, is always pressed 
towards the harrel, b, by the crosshead of a lever, t^ turning loosely 
on a spindle, ii, fixed across the framing, d ; the lever, t, being 
formed with an elongated bo8s> which has another short lever, v, 
uprai it, acted upon by a powerful spring, w, in such a manner as 
to cause the lever, t, to pf^ss the nut-lever, q, towards the barrel 
The rod, z, has imparted to it, by the lever, w, whieh is acted 
upon by a spring, x, a constant tendency to push the crosshead, «, 
forward against whichever nut-lever, 9, happens to be in action. 
. With these arrangements,, it follows that when an unoccupied hole 
on the barrel, 6, is <^)posite to or against the projection, r, on the 
nut-lever, q, in action, the spring, w, will force back the nut-lever, 
and with it the crosshead, «, and rod, z, as far as they can go ; 
thereby causing the locking-bar, T, to occupy the front end of its 
slots, dear of the catch-levers, b^ so that the revolution of the 
cams, p, at this period do not depress the frame-lever, j ; and the 
shuttle drop-box, a, consequently remains in its lowest position, 
with its top cell on a level with the race. If, at the next shift of 
the barrel, b, a pin, ^, Fig. 4^ of the smallest or first size acts on 
the nut-lever, q, it will push it forward against the pressure of the 
spring, IT. The spring, x, will then shift the lever, w, and rod, z, 
a corresponding distance, the lever, w, bringing the locking-bat, t, 
back over the tail of the first catdi-lever, b ; the effect of which 
will be to lift up the shuttle drop-box, so as to bring its second 
shuttle cell on a level with the race in the manner already ex- 
plained. If pins, p^ andp', Figu 4, of the second and third sizes, 
follow in successicHi upon the barrel, b, the nut-lever, q, will be 
pusbad further forward at each i^iift, and the lever, w, in following 
it will shift the loeking-bar, T, further back, sa aa in suocession to 
act on the second and third catch-levers, and through their means 
cause the corresponding shift upwards of the shuttle drop-box. If 
the shuttle drop-box is to remain tmaltered during more than one 
shift of the barrel, 6, a pin of the size corresponding to the position 
of the drop-box is repeated in as many successive holes on the 
barrel as is necessary ; or, if the drop box is in its lowest position, 
the proper number of holes are simply left unoccupied. The pro- 
jection, r, of the nut-lever, 9, is by preference never allowed to 
press against the surface of tiie barrel^ 5, at the places where the 
unoccupied holes occur ; but is prevented from doing so by the 
lever, w, the crosshead, v, of which is fitted with an adjustaUe 
screw-pin, y, contrived to come against the braeketi x. This pin, 
y, is set so that the lever, w, cannot allow the rod, z, to move so 
far backwards as will admit oS the nut-lever touching the surface 
of the barrel ; whilst the extent of movement actually allowed is 
sufficient to shift the locking-bar, t, quite clear of the catch-levers, 
B. The pin, ^, is followed by another pin of the same size, in 
consequence of whieh the lowest shuttle-cell will be kept on a level 
with the race during two shifts of the barrel, b, that ie to say, 
during two turns of the tappet-shaft, Q, correspondiDg to four 
single picks of the shuttle. The next hole on the barrel i^ how- 
ever, left unoccupied, which will have the effect of lowering the 
shuttle drop-box to. its lowest position. But before proceeding to 
describe what takes place when the shuttle drop-box is lowered, it 
will be well to explain, to a certain extent, the action of the locking 
mechanism which holds the shuttle drop-box in position between 
the shifts. 

As already mentioned, a notched segment, h, is formed upon or 
attached to the boss of the lever, f, for the purpose of locking Uie 



shuttle drop-box in position. This segment, h, is formed with four 
notches corresponding to the four positions the shuttle drop-box is 
in this instance constructed to assume, and the locking is effected 
by the entrance into one of these notches of the lower bent end of 
a locking-lever, z, carried upon a stud-pin attached to the side 
frame, o, of the loom. The upper arm of this locking-lever, s, is 
p«lled backwards by a spring, 4, to give its lower end a tendency 
to enter one of the notdies in the segment, R, when permitted to 
do so by the action of the cam, 5. The can^ 5, is fixed upon the 
tappet-shaft, q ; and it may here be mentioned that it has bolted 
to it the cam, /, which acts on the lever, if giving motion to the 
barrel, b. The periphery of the cam, 5, is formed of two con- 
centric surfaces, the one of smallest radius permits the lower end 
of the lever, z, to be kept in a notch of the segment^ h, by the 
action of the spring, 4, during the greater part of a revolution ; 
but when the projecting portion, 6, comes round at every revolu- 
tion, it keeps out of the notch in the segment, h, against the 
power of the spring, during the time that the shuttle drop- 
box ie or may be being shifted* In connectioni with the 
locking mechanism there is a stepped catch-piece, 7, formed 
or fixed upon the front end of the frame-lever, j, and acting 
with a catch-lever, 8, to regulate the descent of the shuttle 
drop-box. The catch-lever, 8, . is carried on a stud upon the 
bracket supporting the lever, f, and its lower end carries a pin, 
9, which is acted upon by an adjustable stop, 10, fast upon the 
rod, 2, against which stop the lever is always kept by a spring, 11. 
Supposing that at the next change of shuttle the drop-box is only 
required to be lowered one step, in wluch case, before the lever, f, 
can be moved, the kxshing-lever, z, must be shifted clear from the 
segment, h. This is effected by the coming round of the project- 
mg portion, 6, of the cam, 5 ; and it is obvious that the locking- 
lever must at all times be quite clear beforo the cams begin to 
depress the frame-lever, j, should it have to be depressed (which 
is not the case, however, when the parts are in the position shown 
in Fig. 6). In other words, in all cases, whether the frame-lever, 
J, is about to be depressed or to be raised, the unlocking is effected, 
as far as regards the segment, h, some time beforo the most pro- 
minent portion of the cam, f, which next comes into ^ective 
action actually bears upon the frame-lever. This would i^ow time 
for the spring, m, to pull up the lever, f, further than it might be 
required to go, were it not for the oateh-piece, 7, and lever, 8. 
When the shuttle drop»box is in its highest position, and the 
locking-bar, T, is at the back end of its slots in the frame-lever, j, 
as in Fig. 6 ; the bar, z, being in its most forward position, allow- 
ing the spring, 11, to pull the lever, 8, so that its top end is 
thrown over the top catch of the piece, 7. Then if, on the next 
shift taking place, the shuttle drop-box is to fall, for exaQ4>le, to 
the extent of only one shuttle cell, the rod, z, is moved one degree 
backwards by the action of the barrel, 6, and turns the lever, 8, off 
the top catch of the piece, 7, but not further than wiM allow the 
second catch of this piece to come up to and be caught by it This 
takes place beforo the locking-lever, s, is free from the segment, 
H, so that when the ^ring, m, comes into action it cannot lift the 
frame-lever, j, higher than the catch-lever^ 8, will allow it to go. 
Then, as the cams, P, come round, the largest one does not again 
depress the frame-lever, j, to its provious position, for the locking- 
bar, T, is by this time moved forward clear of the tail of the catdi- 
lever, b, corresponding to this cam. If the shift down of the 
shuttle-box had been to the extent of two or three oeUs, instead of 
only one, the correspondmg movement of the rod, z, would have 
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BHifted the catch-lever, 8, ao as to hold the fnune-leTer, J, at the 
correBponding catch of the piece, 7. The position of the catch- 
lever, 8, remaina nnaltered, when no change of the ahuttle drop- 
hox is reqaired, and prevents the frame-lever, J, from moving 
when the a^paoent, H, is released. It is found desirable in 
practice to make the teeth of the segment, h, or the solid portions 
between the notches, to project to different extents ; the top tooth 
projecting the most, the next tooth slightly less, and the two next 
ones slightly less still. The object of this arrangment is to insure 
the entrance of the locking-lever, z, into the proper notch when a 
shift up to the extent of two or three shuttle cells takes place, the 
increased projection of the upper teeth catching the end of the 
locking4ever, z, and preventing the comparatively more rapid 
movement from carrying the segment, h, and the parts connected 
with it, too far. If the pattern to be woven is of the class in 
which the second hidf is precisely like the fintt half, but with the 
various portions in an inverted order, a single nut-lever, q, upon 
the screw-spindle, A, will be sufficient, one half of the pattern being 
woven whilst the barrel turns in one direction, and the other half 
whilst the barrel turns in the opposite direction ; the nut-lever 
being correspondingly carried longitudinally first in one direction 
and then in the other, so that, at the end of each eomi^lete repeat of 
the pattern, the parts are in the proper positions for starting a fresh 
repeat, a mere reversing contrivance being required at the end and 
at the beginning of the half pattern. In cases, however, where the 
pattern is not repeated, inversely in this way, two nut-levers, f , 
are required, as shown in the several figures of our example plate, 
1^, These two nut-levers, 7, are disposed so that their projections, 
r, upon which the barrel pins, p, act, are about half the length of 
the barrel apart ; and contrivaccee are applied for throwing them 
alternately into action, the two never being in action together. 
The entire extent of pattern which is to be set out upon the barrel 
by means of the pins, Pt whether this extent comprehends repeti- 
tions of complete repeats or of portions of repeats of the pattern, or 
forms in itself one complete repeat of the pattern, is divided into 
two portions, which are set out, one upon each hilf of the barrel, 
but so that one portion runs in one direction and the other portion 
in the opposite direction. Then, when the barrel is turning in one 
direction, that nut-lever, 7, is in action, which is acted upon by 
the portion of the barrel which has its pins arranged to suit the 
portion of the pattern as running in the corresponding direction ; 
and the other nut-lever, 9, will come into action when the first one 
has traversed over the whole of its portion of €lie pattern ; the 
barrel and nut-levers being similltaneously reversed to work over 
the portion of the pattern running in the opposite direction. Thus, 
on the second portion of the pattern being completed, the first nut- 
lever, q, which has been out of action in the meantime, will have 
returned to the point from whence it originally started, and on the 
reversal of the movements, this first nut-lever will come into action 
again, and commence afresh repeat of the pattern. The reversing 
of the motion of the pattern barrel, h^ and accompanying details, as 
well as the throwing the nut-levers into and out of gear, is effected 
by means of a tumbling-bar, 12, formed with end -spindles which 
turn in bearings in the frame, d. On one of the end spindles which 
projects through the framing, d, there is fixed a lever, 13, to a pin 
on which is connected a spring, 14, attached below to a fixed 
bracket. The lever, 13, and spring, 14, are so disposed, that when 
the tumbling-bar, 12, is midway between its extreme positions, 
the spring pulls directly across the centre of the spindle ; and oa 
the tumbling-bar being shifted beyond this point towards either 



side, the spring immediately comes into effective action, to com- 
plete the shift of the bar. The nut-levers, q, are made with 
catches, 15 ; that of one lever being above the tumbling-bar, 12, 
and that of the other lever below it, ao that when the tombling-bar 
is raised it holds back one nut-lever, 9, out of action, and when it 
is lowered it holds back the other, either nut-lever being in action 
when not thus held back. At the end of the helical line of pins, p, 
or holes on the barrel, 5, corresponding to each portion of the 
pattern, there is inserted in the barrel a reversing pin, 16, which 
projects further from the surface of the barrel than the other pins, 
and is formed with a lateral projection. This lateral projection 
comes in contact at the proper time with one or other, as the case 
may be, of two catches, 17, capable of adjustment upon the tumb- 
ling-bar, 12. The reversing-pin, 16, by this means, turns over the 
tumbling-bar, 12, the latter portion of tiie movement being assisted 
by the spring, 14, as already explained. At the same tame the 
pin, 16, also lifts the nut-lever, q, which has just been in action, 
away from the barrel, and into such a position that the tumbling- 
bar, 12, locks it out of action by means of the catch, 15 ; the 
movement of the tumbling-bar releasing the other nut-lever, 9, 
which is immediately forced into action by the corresponding 
•spring, te. The lever, 13, is formed in one piece with an arm or 
lever, 18, carrying a pin working in a slot in the link, n, of the 
pall, /, of the ratchet movement, by means of which the pattern 
mechanism is driven as lilready hereinbefore described. Tliua, at 
every shift of the tumbling-bar, 12, the motion of the barrel, 5, is 
reversed by bringing into gear the ^11, Z, and throwing out of 
gear the pall, A, or vice versa^ by the downward or upward shift 
given to the link, n, by the lever, 18. The stroke or movement, 
of the tumbling-bar, 12, is 'limited each way by means of adjust- 
able screw-pins, 19, tapped through lugs formed upon the lever, 
18, and arranged so that one of them comes in contact with the 
top side of the lug, 20, cast upon the framing, c^, when the lever, 
18, moves down, whilst the other one comes in contact with the 
under side of the same lug, 20, when the lever, 18, moves up. 

In constructing the apparatus, each of the springs, to, must be 
made powerful enough to overcome the springs, x and 11, as it has 
to move back the rod, z, against the action of these springs, 
whilst the ^spring, a;, has eidy to shift the locking-bar, t, back- 
wards, and to move the rod, e, forward to keep its crosahead in 
contact with the nut-lever, 9, when the action of the barrel, ft, 
forces forwaid this nut-lever against the action of its spring, to ; 
the spring, 11, serving also at the same time merely to keep the 
pin, 9, of the' lever, 8, forward i^nst the stop, 10, on the rod, z. 
The springs, u> and or, are fixed to points in such positions that 
they act with less leverage in proportion as they become more 
etretched, being placed so that they act more neariy at right angles 
when not stretched, and gradually less so as they become stretched. 

The variable movement of the frame-lever, j, may be obtained 
by means of a single cam, p, of one .'ku^e«tep, and a single catch- 
lever, B, the tail of the catch-bar being formed with steps like the 
catch-piece, 7, fast on the frame-lever itself. In this case the cam 
is made of such a size as to give the greatest shift of which the 
shuttle-box is capable, and any lesser •shift is obtained by shifting 
!the locking-bar, t, forward more or less, so that, as the cam comes 
•round, it does not depress iiie frame-lever a, until one of the steps 
of thecatoh4ever comes up and catches the locking-bar, t. 

Mn practice, however, it is preferred to adopt the airangement 
represented in the several figures of our esample plate, and herein- 
before described, as in it advantage is taken of the smaller spaces. 
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to be passed through with the lesser shifts of the shuttle-box, to 
make the shifting movement with such lesser shifts as slow as 
possible ; whilst, with the single cam and catch-bar arrangement, 
the movement, on a comparatively small shift occurring, is as 
rapid as the latter portion of the movement, when a comparatively 
laige shift takes place. In applying shifting shuttle-boxes to both 
sides of the loom-lathe, the movements of both shuttle-boxes may 
be derived from apparatus constructed on the hereinbefore de- 
scribed system, suitably modified in its minor details to suit the 
object in view. For example, if the loom is to be arranged for the 
weaving or manufacture of "corded'* fabrics, that is to say, 
fabrics with occasional lines of coarser or thicker weft, this is ac- 
complished in a very simple manner, by carrying a shaft across 
the loom to connect the shuttle-boxes on each side with the cam 
and pattern movement Instead of setting the lever, f, on a stud- 
pin, as represented in Fig. 1, this lever is made fast upon a shaft 
set in bearings in the two ends of the loom-frame, and the opposite 
end of this shaft carries a single-armed lever, from the end of 
which a rod passes' upwards to the shuttle-boxes on that side of 
the loom. Under such an arrangement, the cam or tappet action 
of the loom is contrived so that the shuttle-boxes shall shift at 
every pick of weft, so that the " cord " weft shuttle shaH always 
be held and retained in its box after each pick, to whichever side 
it may be thrown. 

In carrying out the arrangements for giving a variable taking- 
up of the cloth-beams in looms working with more than one 
shuttle, a motion is either taken from the shuttle drop-box, or 
from the pins of the pattern-barrel, which afford abundant means 
of taking any motion from them for working or acting upon the 
palls and catdi of the take-up motion so as to give a variable feed 
in accordance with the nature of weft or stripe being woven in 
relation to the particular shuttle-box in use throughout the pattern- 

This checking-loom certainly possesses many advantages, in so 
far, that patterns varying from 8 to 2000, or more shots, can be 
worked, requiring little time or trouble, and no extra expense in 
making the change from one pattern to another. Another advan- 
tage is, that the shuttles can be shifted to the extremes, or to any 
other positions found most desirable in arranging the pattern ; 
whilst the loom is easily understood, sin^plo to work, and not 
liable to go wrong. 



WASHING MACHINE FOB PIECE GOODS. 

EXAMPLE PLATE, ®. 

The three views on this plate illustrate a machine, first in per- 
spective elevation, and then in plain geometric^ section, present- 
ing good studies for " effect," and contrasting the working draw- 
ing with the perspective picture. Fig. 1 is a perspective eleva- 
tion of the washer complete, showing the whole of the gearing for 
actuating the moving details ; Fig 2 is a longitudinal section on a 
larger scale ; and Fig. 3 is a corresponding transverse section-— 
that is, at right angles to Fig. 2. The main body of the machine 
consists of aa open rectangular cistern, a, of cast-iron, which is 
kept about half full of the cleansing water. A couple of horizon- 
tal transverse shafts, B, c, are passed through this cistern, being 
carried in stuffing-box bearings in the two opposite side plates, and 
projecting through on one aide to carry the spur-wheels, d, b. 
These shafts are made to revolve in the same direction by the 
revolution of the intermediate driving-shaft, f, carrying a third 
spur-wheel, o, in gear with the other twa The two shafts, b, c. 



have each a pair of end discs, H, i, fast upon them, to hold the 
diametrically opposed parallel rail bars, j, which form the flat 
winces, or revolving frames, for acting upon the goods in the 
washing movement These details, indeed, constitute the whole 
of the action. 

The same central wheel, o, also drives an overhead wheel, k, 
of similar size, for actuating squeezing rollers, L. These rollers 
are of large diameter and of considerable breadth, and are set in 
bearings in the pair of vertical standards, M, carried on a cross 
bar on the top of the cistern, on which also is a low standard, n, 
for the bearing of the overhanging end of the bottom roller 
driving shafts The bearings of this bottom roller are fixed ; but 
those of the upper one are adjustable in the central vertical slots 
of their standards, by means of screws and hand-wheels at the 
top, to give any required pressure to the issuing goods. 

In erecting the machine for work, the shafts and ruls of the 
washing movement are set in one plane, and the water level 
is adjusted to the line of the shaft centres. The fabric to be 
cleansed is then fed in at one end, o, of the cistern, where two 
lengths are represented as being entered. Here it descends 
beneath a fixed guide-roller, p, and then passes between the pair 
of nipping rollers, q, set in bearings on the side of a division plate, 
B, and adjustable by hand-wheels and screws. After leaving these 
roUers, the course of the goods is again downwards, beneath the 
fixed guide-roller, s, and thence between the first pair of ver- 
tical guide-bars, t. The direction is then round the under side 
of the flat wince at the opposite end of the cist«m, the fabric 
being turned back over the bars, J. It then returns towards the 
front end of the cistern, and is similarly passed round the bars, j, 
of the disc, i, from the upper side— this return course being 
through the second pair or space of the division bars, t. The 
fabric finally returns through the third guide-space, and in contact 
with the wince bars, and is then passed up beneath the guide- 
roller, u, set at the water-level at the delivering end. From this 
point, it passes over the top of the external guide-roller, v, and is 
finally delivered through the squeezing rollers, l. As there are 
two lines of goods shown under treatment, it is obvious that both 
follow the same course. 



SCREW CUTTING SLIDE LATHE. 
EXAMPLE PLATE, M. 

This carefully-drawn, and highly-flnished example jilate, H, of a 
screw cutting slide 'lathe, is given to illustrate some of the most 
recent improvements in this class of machine tools, and dso to 
show the mode of treating such subjects as a finished drawing. 

Fig. 1, is a com]^lete front vertical elevation, and Tig. 2 a com- 
plete plan corresponding with Fig. 1. 

The lathe-bed. A, supports the '' dead-head," and one end of the 
sliding bed-piece, b, on which the saddle, c, is moimted. This 
bed-piece, b, which is shown removed about two feet away from 
the dead-head, can be adjusted so as to form any convenient gap, 
in accordance with the figure of the material to be operated upon, 
and when cutting screws, or turning, shafting, and such like, 
the bed-piece can be brought quite close up to the dead-head. 
The main screw, d, is carried in brackets bolted on to the frxmt 
part of the bed, and is driven through a series of change wheels in 
accordance with the pitch of screw required to be cut Between 
this main screw, d, and on the lathe bed-piece, b, a rack, e, is 
formed, extending the whoAe length of the bed-piece, so that a 
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pinion carried by the saddle, o, can, when in gear with the rack, 
oanse the back and forward traverse of the saddle. The shaft, f, 
which runs along the back of the lathe, carries two sliding screws, 
o, in gear with two worm-wheels, H. Oae of which is carried on 
the back end of the transverse screw, i, of the slide in the saddle, 
0, and when in gear, through the motion of the dhaft, F, regulated 
by the series of change wheels, a regular transverse motion of the 
sUde and tool holder, j, is the result By so proportioning the 
speed of the main screw, d, with that of the transverse screw, i, of 
the slide, any angular or conical figure can be thus accurately 
turned by the self-acting duplex motion of the cutting tool holder, 
J. The principal weight of the saddle and the vertical force of the 
cut is sustained upon an incline formed on the front slide of the 
bed-piece, B, and has the effect of bringing the vertical parts of the 
slides of the saddle into close contact, whereby the traverse of 
the saddle, in a perfectly stnught line, is thus ensured, whilst the 
best form of resistance to the thrust of the cutting tool is by this 
means presented. The steadiness of the saddle, and consequent 
accuracy of its motion, is one of the most difficult features in any 
self-acting lathe, and our example plate, M, shows very clearly the 
value of the important improvements recently made by Messrs 
Greenwood & Batley, Machinists, Leeds. The other parts of this 
lathe resemble many of those now in general use, so that we con- 
sider a lengthened description quite unnecessary at this advanced 
stage of 'the work. The front elevation, Fig. 1, is the first 
view to be drawn, and is begun by drawing a horizontal line for 
a base upon which the whole machine is to be erected. From this 
elevation the different parts must be squared down to the plan 
view. Fig. 2, immediately underneath, and with reference to what 
we have given whilst treating of other drawings in this work the 
practical draughtsman will have no hesitation how to proceed with 
such a subject as the one we have just described. Some of these 
lathes, represented by our example plate, M, have been supplied 
by Messrs Greenwood Ss Batley to the Royal Arsenal, Woolwich, 
and have given every satisfaction, and having been accurately 
drawn from the actual machine itself, we recommend this subject 
as being worthy of the attention of the draughtsman. 

Our task is accomplished. The pages now before the student 
are given to him in the hope that they may be found to form — 
" A Tolame of detail, where all is orderly set downt' 

and that they really redeem the promises held out in our prefatory 
remarks. We have endeavoured to bring before the reader all that 
can be of practical service to him in the attainment of that most 
useful art, mechanical drawing, commencing with illustrated descrip- 
tive details of the several instruments employed in drawing, to 
enable the student to understand more readily the purpose of their 
construction, as well as to enable him to select those instruments 
most suitable for his purpose, or to refer to the description of 
others not so generally met with. From this introductory essay, 
the student has been conducted from the simplest rudimentary in- 
struction in the formation of geometrical figures, onwards through 
the elementary details of mechanical structures, to the delineation 
of the complete machine. The British measures of length now 
used in this work enables the practical student to cnlai^e or 
reduce our examples with ease, and transfer them to his drawing- 



board, as well as imparting to the work a more extended sphere 
of usefulness. We have also made considerable and important 
additions to the isometricai projections and avchitectural sec- 
tions of our work, which we doubt not will be appredated for 
their utility by the mechanical draughtsman, as well as proving 
of assistance to the student of architectural drawing. Our 
series of example plates are nearly all new, and have been 
extended. They have been drawn and engraved with the 
greatest care, and we may, without the slightest approach to 
self-laudation, say that the student will find in them a store of 
valuable matter for study. Other portions of the work have also 
been enlarged with the view of giving the student all the assist- 
ance he requires. 

No book, however profoundly it may be designed, or however 
clearly it may be written, can make a draughtsman. To certain 
inherent qualifications, the ambitious student must add attentive 
assiduity and patient toil. The first elements will be useful ; the 
second are absolutely essential Let each of our readers recall the 
admirable words of (Hbbon : — " Every man who rises above the 
common level has received two educations — the first from his 
teachers ; the second, more personal and important) from himself.'* 
These are words which Bacon would have said must be " chewed 
and digested.*' Another able writer has most happily said—'* The 
student must rest assured that, without industry, and that confi- 
dence which an anient love of fame, and an enthusiastic desire for 
improvement, never fail to inspire, he will not become eminent ; 
and he must remember that society forms a very different opinion 
of the man of sound judgment and perseverance, who seldom fails 
in his attempts, and the fanciful and vain, who, whilst they 
imagine themselves more capable to learn than others, pass their 
lives in indolent or trifling pursuits, without acquiring that know- 
ledge of their profession which ensures accuracy and success in 
practice^" These are the well-considered ideas of men who have 
combined both thought and action. Their pithy eloquence em- 
bodies whole chapters of matter worthy of sinking deeply into the 
student's memory, where they must arouse him from any dreamy 
and deceptive contemplations of comparative excellence ; for the 
superficial thinker is but too apt to be thus led away, forgetting 
that such comparisons continually lessen the advantages on his 
side, as the acquisitions which he perhaps superciliously boasts are 
mouldering away. 

If the work now before the reader fulfils but a small portion of 
the purposes for which we have designed it, we shall rest satisfied in 
having acccomplished our mission of doing something towards the 
extension and diffusion of that particular branch of industrial educa- 
tion hitherto neglected to a great extent in this country, or at least 
rendered more difficult of attainment, owing to the want of a 
suitable manual of instruction. With these views, and to further 
such ends, we have written this work, and in such a spirit do we 
now commit it to the wQrld of industrial readers. Perhaps we may 
be permitted to hope, that in years to come there may be many 
among those • readers who, having by well-directed industry 
attained a position in their profession, will recall with feelings of 
grateful esteem the instruction and assistance they received in early 
life from the pages of the Pbactical Dhaugiitsmav. 
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